US008997528B2
a2y United States Patent (10) Patent No.: US 8,997,528 B2
Fabian et al. 45) Date of Patent: Apr. 7, 2015

(54) METHOD FOR PRODUCING SYNTHETIC (56) References Cited

QUARTZ GLASS

(71) Applicant: Heraeus Quarzglas GmbH & Co. KG,
Hanau (DE)

(72) Inventors: Heinz Fabian, Grossostheim (DE);
Juergen Roeper, Roitzsch (DE)

(73) Assignee: Heraeus Quarzglas GmbH & Co. KG,
Hanau (DE)

ofice: ubject to any disclaimer, the term oI this

*3) Noti Sub y disclai h { tha

patent 1s extended or adjusted under 35

U.S.C. 154(b) by O days.

(21)  Appl. No.: 13/684,381

(22) Filed: Novw. 23, 2012
(65) Prior Publication Data
US 2013/0133377 Al May 30, 2013

Related U.S. Application Data
(60) Provisional application No. 61/569,131, filed on Dec.

9, 2011.
(30) Foreign Application Priority Data
Nov. 25,2011 (DE) ooeeivirieeie, 10 2011 119 341
(51) Imt. Cl.
CO3B 37/018 (2006.01)
CO3B 20/00 (2006.01)
(Continued)
(52) U.S. CL
CPC ..o C03B 20/00 (2013.01);, CO3B 37/012

(2013.01); CO3B 37/01413 (2013.01); CO3B
19/1415 (2013.01); CO3B 2207/32 (2013.01);
CO3B 2207/85 (2013.01)

(58) Field of Classification Search
CPC ... C03B 2201/02; C0O3B 19/1415; CO3B

37/01413; C23C 16/402; C23C 16/4486
See application file for complete search history.

152

U.S. PATENT DOCUMENTS

5/1951 Wormuth et al.
0/1966 Kendrick et al.

(Continued)

2,552,247 A
3,274,154 A

FOREIGN PATENT DOCUMENTS

DE 2435704 2/1976
DE 3500080 Al 7/1986
(Continued)
OTHER PUBLICATIONS

Dow Corning 244 Fluid MSDS, Dow Corning, Material Safety Data
Sheet, Nov. 2001.*

(Continued)

Primary Examiner — Lisa Herring
(74) Attorney, Agent, or Firm — Tiajoloil and Kelly LLP

(57) ABSTRACT

A known method for producing synthetic quartz glass com-
prises the method steps of: forming a stream of a S10,, feed-
stock material which contains octamethylcyclotetrasiloxane
(D4) as the main component which has a reference molecular
mass assigned to it, feeding the stream to a reaction zone in
which the feedstock matenal 1s converted under formation of
amorphous S10, particles by pyrolysis or hydrolysis into
S10,, depositing the amorphous S10,, particles on a deposi-
tion surface while forming a porous Si10, soot body, and
vitritying the S10, soot body while forming the synthetic
quartz glass. Starting therefrom, to enable the production of
large-volume cylindrical soot bodies with outer diameters of
more than 300 mm of improved material homogeneity, 1t 1s
suggested according to the invention that the feedstock mate-
rial contains additional components 1n the form of further
polyalkylsiloxanes, wherein light polyalkylsiloxanes with a
relative molecular mass of less than the reference molecular
mass are contained with a weight fraction of at least 50 ppm,
and heavy polyalkylsiloxanes with a relative molecular mass
ol more than the reference molecular mass are contained with
a weight fraction of at least 30 ppm.

15 Claims, 6 Drawing Sheets

105 122 193 115

126 107



US 8,997,528 B2

Page 2
(51) Int.CL 5,473,037 A 12/1995 Itoh et al.
CO03B 37/012 (2006.01) ggggggg i 13? }ggg gl%lgmazald;t al.
H : : 1J1no et al.
€035 377014 (2006'03‘) 5,632,797 A 5/1997 Williams
CO3B 19/14 (2006.01) 5,703,191 A 12/1997 Henderson et al.
5,735,921 A 4/1998 Araujo et al.
(56) References Cited 5,735,928 A 4/1998 Sayce et al.
5,790,315 A 8/1998 Fujinoki et al.
U.S. PATENT DOCUMENTS 5,879,649 A 3/1999 Hendersonetal. ........... 423/337
5,938,853 A 8/1999 Willlams ...................... 118/726
3332974 A 7/1967 Bostick 5,970,746 A 10/1999 Fujinoki et al.
3.493.533 A 2/1970 Bailey et al. 6,152,166 A 11/2000 Bauscher et al.
3,629,309 A 12/1971 Bailey et al. 6,209,354 Bl 4/2001 Fujinoki et al.
3.903,047 A 9/1975 Ashby 6,982,232 B2 1/2006 Borrelli et al.
3,978,104 A /1976 Razzano 7,506,521 B2 3/2009 Bookbinder et al.
3,998,865 A 12/1976 Siciliano et al. 7,506,522 B2 3/2009 Bleaking et al.
4,022,152 A 5/1977 TLaufer et al. 7,534,733 B2 5/2009 Bookbinder et al.
4,096,160 A 6/1978 Ashby 7,589,039 B2 9/2009 Allan et al.
4,158,092 A 6/1979 Botsch et al. 5,245,543 B2 8/2012 Huenermann
4,220,460 A 0/1980 Partus 2001/0020448 Al 9/2001 Vaartstra et al.
4,556,726 A * 12/1985 Reedyetal. ................ 556/460 2003/0116091 Al*  6/2003 Grantetal. .............. 118/726
4,563,513 A 1/1986 Inomata 2006/0107693 Al 5/2006 Trommer et al.
RE32.107 E 4/1986 January 2010/0132406 Al 6/2010 Huenermann
4613380 A 0/1986 Chen 2010/0276291 Al* 11/2010 Durreretal. .................... 205/83
4704271 A 11/1987 Hourihan et al. 2012/0276291 Al 11/2012 Bird et al.
4,720,353 A 1/1988 Bell
4,824,985 A 4/1989 Goodwin et al. FOREIGN PATENT DOCUMENTS
4,847,069 A 7/1989 Bissett et al.
4,847,071 A 7/1989 Bissett et al. DE 40290071 Al /1992
4,847,072 A 7/1989 Bissett et al. DE 4204406 Al Q/19973
4,869,897 A 9/1989 Chatterjee et al. DE 195 01 733 C1 5/1906
4,889,845 A 12/1989 Ritter ot al. DE 10302914 Al Q/2004
4,892,890 A 1/1990  Damani DE 102007024725 A1 11/2008
4,946,671 A 8/1990 Bissett et al. EP 463045 1/1992
4,948,578 A 8/1990 Burger et al. EP 0622452 Al 4/1994
4,954,332 A 9/1990 Bissett etal. EP 0622452 Al 11/1994
4,954,335 A 9/1990 Janchipraponve; EP 673888 Al 3/1995
4,961,753 A 10/1990 Donkers et al. EP 008418 Al 3/1999
5,021,221 A 6/1991 Gould et al. EP 1329429 7/20073
5,039,513 A 8/1991 Chatterjee et al. JP H04505149 9/1992
5,043,002 A *  8/1991 Dobbmsetal. ............ 65/386 JP 6-202868 10/1994
5,049,617 A 9/1991 Yoshioka et al. WO 0010596 Al 9/1990
5,143,661 A 9/1992 Lawter et al. WO 2004065314 Al {/2004
5,152,819 A * 10/1992 Blackwell etal. .............. 65/386
5,154,744 A 10/1992 Blackwell et al. OTHER PUBLICATIONS
5,210,129 A 5/1993 de la Cro1 Habimana et al.
5,211,752 A 5/1993  Abbott et al. Espacenet English language abstract of DE 102007024725 Al, pub-
5,232,689 A 8/1993 Katsoutlis et al. lished Nov. 27. 2008.
5,250,278 A 10/1993 Schuette et al. e (T "l. bl bstract of DE 4204406 A1 oublished
5270,036 A 12/1993 Varaprath et al. PACeiet BASUSH MNSHAgt dbSHAct © » PUDLSHE
5275761 A 1/1994 Bergmann Aug. 26, 1593. |
5279.818 A 1/1994 Halloran et al. Espacenet English language abstract of DE 10302914 Al, published
5,292,530 A 3/1994 McCrea et al. Aug. 12, 2004,
5,300,285 A 4/1994 Halloran et al. English Translation of JP 6-292868, date unknown, submitted Oct.
5,302,382 A 4/1994 Kasprzak 2014.
5,308,551 A 5/1994 Beauquey et al. Espacenet English language abstract of DE 3500080 Al, published
5,326,557 A 7/1994 Glover et al. Jul. 10, 1986.
5,330,747 A 7/1994  Krzysik Dow Corning(R) 244 Fluid (German Language edition), version
g:ggg:gg% i ig;iggj gz‘;;fltai ;‘;Eif;miaétégn about Volatile Silicone Fluids”, Dow Corning Corpo-
gﬁgé:gzg i %Hggg gla(;z:;: al. Dow Corning(R) 244 Fluid Material Safety Data Sheet, version 2.6,
5,403,402 A 4/1995 LeGrow updated Jul. 13, 2007.
5,426,168 A 6/1995 Witucki
5,443,607 A 8/1995 Englisch et al. * cited by examiner



US 8,997,528 B2

Sheet 1 of 6

Apr. 7, 2015

U.S. Patent

¥
X
¥
¥
X

i
I

)

T "Si4

24
AN LO}

¢

eVl

o

I drodr ko ddr
I e e e .
x ._,....H._,.H...H...HkaHkaHkH#H&H#H&H&H#&..r .I.I-.
N N N N
g
N e g )
o
N e Nl e kNl
ardp e e Ly e e ey ey
N g g g
N o N
dr dp gy iy g iy e iy e ey iy i e il iy i
N g g g g
ol N
e s
I N N N N
L N kN al a
N g g )
o g g g
o N
ey e e e i p e e ey g ey e
N el el
N N N )
N g g
L g g g g aa a a
o o R
o
e e e e el eyl ke e ey
o o
e
N N ¥
L el ke )
o s a a
N N N e e el
o o N N aE E
iy Ty e iy ey e e iy
N N g g ¥
¥ .............._.....###}.##k}.###}.#k#}.###ﬂkﬂk}. .........._.....H....H....H....H....H....H....H....H....H....H#H#H...H...H#H...H#H#H#Hk”#”# x, %
g . . N kN e ¥ y
ar e ar aa ar a  e y  y g
N NN N
N o )
el i ey o g g al  aal a
N N N g el g
o kg N
app e ey e e i e N
Jr g g ke dr dr e bk ko d ok ke d o d ok ke Jr g g e dr dr e by dr Aok ok dod ok ko d kN kX koK
N )
E e g
e e ey e U ey ki ki ke Iy ey e e e el e e e e e el
N k) o N kN el o
I ey e e e e e
N N N g
kN a a a aa a NEaa o N a al aa a a  a a a aa
E N g g )
L e e N N e g
N N N N N k)
ap Ty ey ey i e ey ke o gy ey iy iy e iy g e e e
o g  aa a aa a N g g g
Lt N o o e N ol “ —
N N o
Jr dp e I ey e O iy e dp dp e e e dp i el i b e _ N g N ) ﬂ
o o N kol g
g e et
o N N g N g
) L o
drdp A e ey iy e e ey ey N el s
N g g N e el g
N ) o N o NN o
iy ey e iy iy e iy e iy e iy e e iy il e e e ey eyl iy
o N g i N N g g
o o  a a aal aa a Ca a a al a aal a L kU a aEaal a aaal a
e e i N
Iy ey ey iy ke ey e U e ke bk N N N
o N o ol k)
N e N )
N NN N N
e i a ar  aa ar  aE a a aa a a . N N
o g o g a a a a ara a™
N g e e g e e g gy
N N Nk N
e N a a a  a a a a aa a a  a a a aa e
N N g — o g e e g
L e ) o el N N e
N ) E e g
ey ey el e ke e e e ey e e d o N N N N
N N e k) o )
N e g o g s a a
N A g N
N a a  a a a  aa a aa a o A
N i
N el g " N o R ol R el
L N L kN
ey ey e iy e e iy ey e e N )
Jr b dr k dp drde U e ok ok b ko g ke ko dr ik ok ok dr e dr i e dr ke drod e e dr k ko ko ko KNk kN
o R Nl o N N N
g E e
I e e e ey e ey e e el ke e — e e e el e e ey e e e ke e
N A N o o ' kol
N g Y g a a aal a
N N N N
N e ke N o el ks ks
Sy dr Ay ar Ly iy ey ey e ey e o N
o g g g a a a a aa a N g a a ara a a a aa a
N ' el N
dy Ty iy iy e iy e iy e ey e e ar T ey il e e e iy e iy e e e
o N a al aal  a a Ca a a al a aaag a L el U el g
o ) A el Rk ko
N N e N e
N N N N N N Al N N
o o kg dr dr A e ar ey e e i e dr d e a i ke ko
e g a ) e e
N N a a a  a  aa a a a a aa N g g
i aar ak  a a al NEaEa al a a a a A
ap Ty e ey g e ey e e e e e ey o el e g a al a aa
N el e e o g el el a aa
N N - o N o aa aE Na
ap dp ey iy iy ey ey e e e ar Tyl ey e A iy e iy e iy eyl e e
L N g g e g a aag aa N g g
N Nl N el ok aEal ak  ak a aa
e o e
N N NN N N N N L
k) Ll ko
N D N ey
o N R ' _ o N Nl g
o ) e )
N N dr d ar e ey e ey dp e e g e
N g g g e g N g g aaa a a aa
o N N o R
N g a a aa ) N e e e T
o g g g g a aa . — o g e g e g g
Ll ok ol o o N a al a a a a aaa a aaal a
e ) N e e
ar Tyl eyl ey e e e e ey el ke e e ke i b I e e e kel e e e e e el ek el e
L ol ok Ml N N N kg
g o
N o N ) N o N N o N
e kL el ol ks A kN a a al aa aE al aa al aal ak al g o
o o N
N g N . N N o e
N L o
e A iy e ey e e e el e e dy ey ey e ey e e el iy iy
o N a al aal  aa Ca a a al al aaag a N N )
e ) . —.q&.q.q....q.q....q.q...k.q...k.q...k.q...k.q...k
o el g et el e el gy
i h d ik d d J e dr el e d i ke Nk I e U e e ey e e ke e de ik h d
et N o N ) L N A
N o e g e e
X kN kN kN N N g
e L kN aa al  aa a
ar T Ly e e i p e ey e ey D e gl g
o N NN g g N g
L o N o N k)
i iy e i e e e e ey e e e e e
o d g by dr e dr kb d d k ke ke d ok kN Kk N
N kN a a a a t aaa a aEa al a faad e ol ok aa E aa
o N g o N M
i e i dp e ey e i e ey e e eyl i ke L Nl N
ot el o e N o )
o o e ey
e g g
) T e
N g g g arar ey e e ey
o g g g g o
N k) T )
Ty o g iy e ey ey g iy ey ke N e
N N g e g o
L o ol o o ok at ak el o o
N )
drdr ey iy dp e dr e e e iy e e ke ke i A
L o ol ot o M e )
g EaE N
N N N o Xk kKoK X
R ol P
N N EaEE
e g N
o EaE
iy Ty g e e e iy Ly e e e ay
e g e g g
N o el N g
Y
o e e e O e ey e e el ke el i ke ik
Ll )
o e g
L N N
L el ak  aal al o e k) .
D N g g  a  a a aa g
N o g
L o o kN o
i e e e e e e e e ey
N N R N
o ol )
e e
Iyl el ke el ke ke
o ol o
- k#kknkn*nkf#ﬂk# x ._FHkH...f... »
aa ¥

A
N
s’

/

0cl

cGt

FEEY,

5555554
5555555455

AL RNNS ALY
;
IEI

'Y F R R R EEY,
LSS5 555555 LY
NI Iy
S NI Iy
e NhNG,
FYFI I I
'Y FE X EEEEY,

555

S LG
SRRV
FYFY Y Iy,
FFFFFFrrrEY,
a%ﬂ%%ﬂﬂ&ﬂ&ﬂﬁ
"

-
a
i
i



U.S. Patent Apr. 7, 2015 Sheet 2 of 6 US 8,997.528 B2

Fig. 2

-
- |
o |
R
i Q
- -
-3
0
-t -
O St
S &
o |
-
Q
-




US 8,997,528 B2

Sheet 3 of 6

v.r”rnrnn“rnx”nw

i A

o o o Vol
o o o o
A

“ H
A A A X AN
>, J
E H
L AN MR N KX
HHHHHHHHHHH!FHHH AN

LA X X XXX EEREX

.Pﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂllllllllﬂll

.x x.x.x.x.nnaxnanna
u___r....xxrxrxrarananaaaaanananana
.

; ; X E X E R
vxanxxrxxxxnHxxnunnaaaxnaaxannaaaaana

A N xR X R
e

H
H A
HHHHU

oA

x HHHHHHHHHHHHHHHHHIH
X, lﬂl?ﬂ!lﬂﬂlllﬁﬂlﬁﬂﬂﬁ?
KK N RN XX XXX X
I

M A
|
A_n_A

Al

2
A
|

IHHFFHH
Al
AN M

Al

EE R X N FE X

AKX EREXELERERERERERERERER

H

A A A A AN N A AN

M
e A AN MM
E N NN RN
A A_A K I"IHI"H"HHH _a_ &

H-l-HHHHHPHH

H”HHﬂ”ﬂ”ﬂ”ﬂ“ﬂ“ﬂ”ﬂ”ﬂ”ﬂ”ﬂ”ﬂ.ﬂ?
H Hﬂﬂlﬂxﬂﬂﬂv PHHHRHHFHHFU PHHU.

A
IHHHHPHHIHHHHPHH
HHHHI..-..Pﬂﬂ#ﬂﬂlﬂﬂﬂ!ﬂﬂﬂlﬂﬂ?ﬂ!ﬂlﬂl

M ]

“.l!v?'!x?'! i
W W W

.
)
:Hl'

>

A
S

Apr. 7, 2015

U.S. Patent

IIIIIIIHIHHHHHFH
HIlHlIHIIIIIHHHHHHHHHHHHFPHHPF

N, x
HFHFFP?“H“H”H“H“IHIIHH .
s A XX EERE

u_. HHF“H”HHH”H“H“I"H"HIIII |
AN E XXX REXE x
u_H o HHHHIHHHHIII E_R

EEAXAETEXEREIIAREREERRERHE
PF”H”H”U”H“HHH“H“H“I”H“I xR I"Illﬂﬂllll
.Hﬁﬂﬁxﬂﬂﬂlﬂﬂﬂﬂxﬂﬂﬂﬂﬂﬂl I IHIHII
Mo M KN
AN XK

AN MR N ERERE MK
.FHF!.PU HHFFPHHPHHPHHIHH X,

EY
Fo
F
]
™
Y
F
M
M
N
]
Al
Al
Al

»
?I!
J¥ ]
b
e
|
x
o
]
F
.
|
A
M
]
A

N N N s
oty iy i i e e
uvv A e e e o x”:“xnan:
A A
x

Mool o N N A

r. o ”H”H”v”?”ﬂ”ﬂ“ﬂ”ﬂ”v“ﬂ M N IHH
v?v.vvv.v!v.!lun!!ﬂﬂll

L N N

xv.rxxxnxxx

W
x
A
A
£
]
X
b

A
A

M AN
PH

x
.
A
A,
r.




U.S. Patent Apr. 7, 2015 Sheet 4 of 6 US 8,997.528 B2

1

r
F |
al
E |
ol
F

FJ
X,
i
FJ
k|
X
o,
X

HJ
X
l_A I:H:H
Al o oA N M N M

o
Al HHH Hxﬂxl!xﬂ" x

o

]
X
L 3 ]

F
XN

A M
A
i )

X
F N

Al :H:H:H:H:H:H:H:ﬂ: :
o Al A A A A
HM = |

X Hx:'d ]

F
l?ﬂxl.?l?d
]
Mo M oA M M
X
N
X,

e
o
]

N

IR E R ENEEREEEREEEREE RN B

A
Al
A M
A M N
Al e ad A A A M N = A M
o AN A XM oAl A A NN
A A

Al
l_p_Al A A AN AR N A AN NN
. "Hﬂﬂallﬂxﬂxﬂll WA AN H"H-lnlﬂﬂlil' 1EH-HHH | H'H |
|

E i
R RN

A
' >
< N
Al
A

-
Al ]
-l; s :?l:H:l:I:H:Hll]lﬂl:l:ﬂ:l:l:ﬂ:ﬂ:ﬂ:ﬂ:ﬁ!q_x:ﬂ:ﬂ:ﬂ:ﬂ:ﬂ:ﬁ:ﬂxﬂ
A LA M A A AN AN A A A A A A A N N e B A A A AN AN
A AN A A A N A A W WA AN NN NN
: M A AN ANAN AN Hxﬂnﬂnl'lnﬂ.l- 'I'.H;'I"HHHHH"HHHH A A

ol 2
o
E i i i i |
i i M

i

H
b

Hx"dlﬂl

A
= |
-]
oA
Al
2
o

L
-

‘HH-HIHHHH

-
HJ
w

"
o

T 'i!:il:il
A N NN A AN A A

AL A H:H:H:l i | l:?l:ﬂ:l;‘
e e

A A P e A
AL AN N A A

|
Al
F N
oo
o
W
EY

)
)
e
)
K
¥
2
)
)
')
-
X
-
2

IIHIHIEHIHHHH
M

:HHI-H"H:H ~, i‘!’?‘! o
I'H;‘HIHHHHHIPH L
H-H“Hxil"ﬂxil!!l!x

M
| J
e
J |

k]

L i
F

HIIHIIIIIIIIIIHIHIIIIII
X

|
2
i)
A

e
L)
.
|

-]
]
W N M X
N
-
a oM
&
]
X
o
- |

x
RN R T EREFERENEREN N

H
ol
-]
IHI N M
¥
X
M !H:I!HIHI
o
III.
NN
o
T X
o
-
- |
M

-
&l
- |
I
|
XK i
||

¥
HII
-
]
]
XN M M
]
-]
]
]
M

|
X
Y
"!ii
F ]
-]

A N A MM NN I-lnlllalnﬂlﬂll Al_A

IIIIH

- N
W W X N

M

]

]

H

|
oo N N

-]
F A
e
-
H
F |
-
k]
&l
|

ol
o
F ]
I:?!

& Hxl -
'Hxi!
Hx"!
Hx?d

oo E
N
i A ]

A
AN
gty

X
-,
]

I-I lﬂl A : ~ M_al I-I-?l"l-?l ] :
i L e
A oA N
AN A A X AN
A M
| AN A M_A AN N A M Al
Al
AN A AN AKX N AMNANMNMNMN
AN A N A A A N M |
A ]
M

A
Al
J | |
EEE N
Al
M_M_A AN A |
- AAK AN A o -
-'H AN A A A A A l!‘!'ﬂxﬂﬂn
llllllxllﬂl!'ﬂnﬂ
ALK A lﬂl.l l-ln?d-lnﬂllll-?l H_Hx?! ?l"?d
.
oA A A A AN AN A XN
x_A_A_A Al_d A X | Al
|
L

-]
&
HHIE'H?!
]
|
]
|
W
|

H"!HHH

X
MoE R X KR M R M E R KKK E X KX E N K KRR KRR N RN KRR R
]

&l
e i ]
"

A
IHIII i
XX
i
?dx?dx?d
e ]

&l
]
k]

k]
k]

W A HKH'H'H:H n

'EHI_:EIHI?‘I!E

I,
- ]
F i
L ]
k]
N N

| Hxl |
b ]

H ] I!HlliI!H.H!Ilﬂlﬂrxilll:lxﬂlﬂrx ol X AN

e
ey o P

A A K
e )
x.xtixi:\:x_xxxx:ux
X

o

NPT

IEH!HHH!HII

A

oo N M M A

o N N K N
-

ol i i e i i
]
o .x?!xH!H"Hxﬂaﬂx?l"ﬂ"ﬂxﬂxﬂ"ﬂ"ﬂ- |

atabaAgh ki
. .!llﬂlﬁlnﬂx?!’!”ﬂ‘ﬂ’!

:-:-:":”:H:":HIHII
WoAN AN AN
i i i i il
o e e ol A
O
» v:x:n:n:l'a'n"a:n'
Fir, I

Al
oA A A NN

H-HHH"I-H-H Al

Hﬂﬂﬂﬂ.ﬂxlﬂ?d"ﬂ!lﬂ
oA AN M E AN
A A X A AN
AA A A M A AN
A A A AN AN

-

X N N M N X M X
o A N X a M
X N M N M X
o A
o i e e Ty e |
o N x w aM
Al Al
O a o M a M ¥ M

X

"
o

R R
2 aa  w N W Ma
e el
Ca M A A AN A M
A T i
"dx"Ixlxlll!liiilxlallliiaiiii
X X N NN NN N N E N
R R T e
B R
XN N N N N N N X M AN

H:EHHIHIHHIIHI

HxHIIHIHHIIH

b ]
LN RN R RN
-

x

b ]

X,

Setanteiie




U.S. Patent Apr. 7, 2015 Sheet 5 of 6 US 8,997.528 B2

Fig. 5

100

3
- 3
3

128
125
107 — |
152



U.S. Patent Apr. 7, 2015 Sheet 6 of 6 US 8,997.528 B2

Fig. 6

-
I
Tﬂ

161

130




US 8,997,528 B2

1

METHOD FOR PRODUCING SYNTHETIC
QUARTZ GLASS

RELATED APPLICATION

This application claims the benefit of U.S. provisional
application Ser. No. 61/569,131 filed Dec. 9, 2011which 1s
herein incorporated 1n 1ts entirety by reference.

FIELD OF THE INVENTION

The present invention relates to a method for producing

synthetic quartz glass, comprising the steps of:

(A) providing a liqud S10, feedstock material (105),
which contains more than 60% by wt. of the polyalkyl-
siloxane D4,

(B) vaporizing the liquid S10, feedstock material (105)
into a gaseous S10, feedstock vapor (107),

(C) converting the teedstock vapor (107) into S10,, par-
ticles,

(D) depositing the S10,, particles on a deposition surtace
(160) while forming a S10, soot body (200),

(E) vitritying the S10, soot body (200) while forming the
synthetic quartz glass.

PRIOR ART

For the production of synthetic quartz glass for commercial
applications, S10,, particles are produced from a silicon-con-
taining start substance in a CVD method (chemical gas phase
deposition) by hydrolysis and/or oxidation and said particles
are deposited on a carrier. A distinction can here be made
between outside deposition methods and inside deposition
methods. In the outside deposition methods S10, particles are
applied to the outside of a rotating carrier. Examples to be
mentioned here are the so-called OVD (outside vapor phase
deposition) method, the VAD (vapor phase axial deposition)
method or the PECVD (plasma enhanced chemical vapor
deposition) method. The best known example of an nside
deposition method 1s the MCVD (modified chemical vapor
deposition) method 1n which S10,, particles are deposited on
the inner wall of an externally heated tube.

At a sufficiently high temperature 1n the area of the carrier
surface the S10, particles are directly vitrified (“direct vitri-
fication™). An example thereof 1s the “boule production™
described 1n U.S. Pat. No. 5,043,002. 510, particles are here
deposited by means of deposition burners, which are directed
from above 1nto a rotating mold, and are directly vitrified so
that a quartz glass body (“boule”) 1s vertically built up from
the bottom to the top 1n said mold.

By contrast, in the so-called “soot method” the temperature
during the deposition of the S10, particles i1s so low that a
porous soot layer 1s obtained that 1s sintered 1n a separate
method step 1nto transparent quartz glass. An example thereof
1s the OVD method known from DE 10 2007 024 725 Al, in
which a deposition burner 1s fed with combustion gases in the
form of hydrogen and oxygen and with a silicon-containing
start compound which 1s converted 1n a burner flame assigned
to the deposition burner 1nto S10, particles which are depos-
ited layer by layer with formation of a S10,, blank while the
deposition burner 1s reversingly moving along a carrier rotat-
ing about its longitudinal axis.

Both direct vitrification and soot method yield a dense,
transparent synthetic quartz glass of high purity.

The formation of layer structures 1s inherent to said pro-
duction methods on account of the layerwise deposition of
S10, particles. These may be noticed as so-called striae that
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hint at differences 1n the refractive indices between neighbor-
ing layers. As a rule, a distinction can be made between
cylindrical S10, blanks with a concentric layer structure and
those with an axial layer structure. In the OVD method a layer
structure 1s e.g. produced with a spiral layer extending sub-
stantially concentrically with respect to the longitudinal axis
of the blank 1n that S10,, particles are deposited layer by layer
on the cylinder outer surface of the carrier rotating about 1ts
longitudinal axis. By contrast, in the VAD method 1n which a
S10, solid cylinder 1s built up in the direction of the longitu-
dinal axis of the cylinder on a disc-shaped rotating carrier by
axial deposition, a helical layer structure 1s usually obtained
with axially successive layers extending in a direction per-
pendicular to the longitudinal axis of the cylinder.

High demands are made on the homogeneity of the refrac-
tive indices 1n the case of synthetic quartz glass used in
microlithography or for optical components in communica-
tions engineering. Therefore, for the elimination of layers in
quartz glass cylinders, multi-step deformation processes have
been suggested, for instance i DE 42 04 406 A1 and EP 673
888 A1, which describes a tool-free method for homogeniz-
ing quartz glass bodies subject to striae by multidimensional
compression and elongation of a softened quartz glass mass.
These methods are efficient, but time-consuming and cost-
intensive.

In the past silicon tetrachloride (Si1Cl,) turned out to be
uselul as the silicon-containing feedstock matenial. SiCl, and
other chlorine-containing substances already exhibit high
vapor pressures at moderate temperatures below 100'C, so
that possible impurities remain 1n the liquid phase and the
manufacture of high-purity soot bodies 1s facilitated. On the
other hand, hydrochloric acid which causes high costs 1n
terms of flue gas scrubbing and disposal 1s formed during the
reaction of Si1Cl, and other chlorine-containing feedstock
materials.

Theretore, a multitude of chlorine-free feedstock materials
have been tested for quartz glass production. Monosilanes,
alkoxysilanes and siloxanes should be mentioned as
examples. A particularly interesting group of chlorine-free
feedstock matenals 1s formed by the polyalkylsiloxanes (also
shortly “siloxanes™), which are e.g. known from EP 463 045
Al. The substance group of siloxanes can be subdivided into
open-chain and closed-chain polyalkylsiloxanes. The poly-
alkylsiloxanes have the general sum formula S1,0,(R),z.
where P 1s an integer =2. The residue “R” 1s an alkyl group, in
the simplest case a methyl group.

Polyalkylsiloxanes are distinguished by a particularly high
content of silicon per weight fraction, which contributes to
the economy of their use 1n the manufacture of synthetic
quartz glass. At the moment octamethylcyclotetrasiloxane
(OMCTS) 1s preferably used because of its large-scale avail-
ability 1n a high purity. This substance 1s also designated as
“D4” according to a notation introduced by General Electric
Inc., where “D” represents the group [(CH,),S1]-0-.

However, on account of the relatively high boiling tem-
perature and the chemical similanty with other polyalkylcy-
closiloxanes, such as hexamethylcyclotrisiloxane (1D3), deca-
methylcyclopentasiloxane  (D5),  dodecamethylcyclo-
hexasiloxane (D6) and tetradecamethylcycloheptasiloxane
(D7), the purification of D4 requires a time-consuming and
expensive distillation procedure.

U.S. Pat. No. 5,879,649 A 1s concerned with such a puri-
fication of polyalkylsiloxanes as t1 feedstock material for
quartz glass production. The publication suggests a two-step
distillation process using a carbon filter and a molecular sieve
to limit the amount of impurities with boiling temperatures
above 250° C. to an amount of less than 14 wt. ppm, prefer-
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ably to less than 2 wt. ppm. Typically, these high-boiling
impurities are components having a mean molecular weight
of more than 500 g/mole, and particularly tetradecamethyl-
cycloheptasiloxane (D7) having a boiling point above 276°. It
1s reported that agglomerates of such high-boiling impurities
lead to clogging in the gas supply system and effect “gel
formation”, thereby producing defects 1n the quartz glass.
The defect mechanism seems here to be the deposition of
undecomposed or incompletely decomposed high-boiling
agglomerates that will subsequently decompose with release
of gases and may lead to bubbles 1n the quartz glass.

The suggested two-step purilying method 1s complicated
and expensive, and 1t has been found that, even 1n the case of
an optimized process control, material inhomogeneities arise
particularly in the form of thin layers of increased density in
the quartz glass.

As an alternative thereto, DE 103 02 914 Al suggests for
the production of synthetic quartz glass with a favorable
damaging behavior towards short-wave UV radiation that a
mixture of Si1Cl, and of an oligomeric silicon compound
contaiming plural S1 atoms, such as e.g. a siloxane, should be
used as the feedstock material.

The silicon-containing feedstock material can be supplied
in liquid form to the consumer, such as e.g. a deposition
burner. As a rule, however, the liquid feedstock matenal 1s
converted by means of a vaporizer into a gaseous or vaporous
phase and supplied to the consumer as a continuous gas
stream.

A large number of vaporizers are known. A known vapor-
1zer includes a container (a so-called “bubbler”) 1n which the
liquid feedstock material 1s kept and heated by means of a
heater to a temperature around the vaporization temperature.
A carrier gas 1s passed through the heated liquid and loaded in
this process with the vapornizing feedstock material and sup-
plied under pressure via a pipe system to the reaction zone.
The carrier gas 1s e.g. oxygen. Such a supply of media to a
deposition burner for producing synthetic quartz glass by
direct vitrification 1s e€.g. described 1n EP 908 418 Al.

The vaporization rate of the feedstock material depends
substantially on the temperature and the residence period of
the carrier gas 1n the liquid phase. Both parameters are intlu-
enced by the height of the liquid column and by the supply
rate and the flow velocity of the carrier gas. For instance, the
size of the carrier gas bubbles 1n the liquid column has
impacts on their rate of ascent 1n the liquid and thus on the
loading with the feedstock material and on the vaporization
rate. Changes in the liquid amount have also an impact on the
heat transier. These complex interactions can be handled in
the easiest way 1n that liquid feedstock material 1s constantly
delivered so that the liquid level in the bubbler will not
decline.

However, even at a constant liquid level, impurities of a
relatively higher boiling point may gradually enrich in the
liquid phase with formation of a “sump”, so that the compo-
sition of the feedstock material arnving at the deposition
burner will change over time.

An additional problem will arise in soot deposition meth-
ods 1n which several consumers have to be simultaneously fed
with the feedstock matenal, e.g. 1n the case of a soot deposi-
tion with a multiple burner assembly. To avoid an irregular
soot deposition and layer formation, it 1s here particularly
important that each deposition burner has the same soot build-
up characteristics 1n terms of quantity and quality. Variations
in the gas supply of the individual deposition burners can be
mimmized 1n that these are fed from a common feed tank via
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a “flow distributor™, as 1s e.g. described 1n DE 195 01 733 Al.
This, however, requires a complicated infrastructure of the
media supply.

Another type of vaporizer, as 1s e.g. described 1n U.S. Pat.
No. 5,356,451 Al, avoids the above-mentioned “sump for-
mation”. In this vaporizer a liquid reservoir for the feedstock
material 1s provided 1nside a vaporization chamber, said res-
ervoir extending along a longitudinal side of the chamber and
being filled continuously. If the liquid level exceeds a prede-
termined overtlow height, the liquid will flow off wvia
U-shaped channels out of the storage chamber on the long
side towards an inclined plane, thereby forming a thin film
thereon. The chamber 1s heated such that the liquid film has
completely vaporized on the inclined plane before the lower
end of the inclined plane 1s reached. It 1s thereby ensured that
the whole liquid, including all impurities, vaporizes at a
higher boiling point.

An embodiment of a so-called vertical vaporizer 1s known
from DE 24 35 704 Al. It 1s suggested therein that the liquid
to be vaporized should be heated, supplied to a vertically
standing rotation-symmetrical container and sprayed radially
against the mner wall of the contaimner with formation of
droplets having a diameter of less than 6 mm and that these
droplets should be deposited at said place. The vaporous
products are removed upwards while the non-vaporized lig-
uid collects 1n the lower part of the container where it can be
removed continuously or from time to time.

The known method works like an additional distillation
step during vaporization, wherein constituents ol low volatil-
ity can be removed via the sump. This results 1n a higher
purity of the vaporized portion of the feedstock matenal.
Yield and throughput are however comparatively low.

TECHNICAL OBJECTIVE

In the known vaporization systems the liquid to be vapor-
1zed 1s brought into contact with a hot surface. Hot surfaces
may lead to unforeseen changes, such as e.g. decompositions
and polymerizations, especially in the case of organic feed-
stock matenal, so that 1t 1s not easily discernible to which
extent the composition of the vapor still corresponds to that of
the liquid. This leads to a certain variability and non-repro-
ducibility 1n the process control, which may result 1n defects
in the particle formation process and in 1nhomogeneities 1n
the soot structure. This can particularly be noticed whenever
emphasis 1s laid 1n the particle formation process on exact
compositions of components that are chemically very similar
to one another.

Moreover, there 1s the risk 1in the described vaporizer sys-
tems that ultrafine liquid particles are entrained with the dis-
charged vapor stream, which may also lead to 1n homogene-
ities of the material 1n the soot body.

The structure of a S10,, soot body 1s 1n general adequately
gas-permeable, which 1s conducive to a uniform gas-phase
treatment or sintering. In the area of layers of increased den-
sity this 1s only possible to a limited degree. The reason 1s that
the layers represent diffusion barriers which 1n drying or
sintering processes may produce an irregular treatment result.
This problem arises particularly 1n large-volume S10, soot
bodies because of long diffusion paths. At the same time,
layer areas may particularly show a locally increased content
of hydroxyl groups and possibly of chlorine.

These material mmhomogeneities of the soot body are
noticed 1n the quartz glass body produced therefrom inter alia
in the form of axial, radial or azimuthal variations of the
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hydroxyl-group or chlorine concentration or the viscosity
values, and they result 1n unfavorable properties 1n the final
product.

It 1s the object of the present invention to provide a method
for producing S10, soot bodies ot high material homogeneity,
in which the said drawbacks are avoided, particularly to pro-
vide a method that permits the manufacture of S10, soot
bodies of high material homogeneity, particularly 1n large-
volume cylindrical soot bodies having outer diameters of
more than 300 mm.

GENERAL DESCRIPTION OF THE INVENTION

To achieve this object, a method 1s suggested comprising,

the features of patent claim 1. Preferred developments are
listed 1n each of the dependent claims.

This object, starting from the aforementioned method, 1s
achieved according to the invention in that the hiquid 10,
feedstock material contains at least one additional component
of the polyalkylsiloxane D3 with a weight fraction mD3 and
an additional component of the polyalkylsiloxane D5 with a
weilght fraction mD5 in a weight ratio mD3/mD?3 in a range
between 0.01 and 1, and the liquid S10, feedstock material
provided 1s vaporized while maintaining the weight ratio
mD3/mD?3 and at at least 99% by wt. into the gaseous S10,
teedstock vapor.

In contrast to the known methods in which a feedstock
material 1s used that consists of a single defined silicon com-
pound of the highest purity possible, the present invention
suggests a S10,, feedstock material that 1s present as a mixture
of different polyalkylsiloxanes. Octamethylcyclotetrasilox-
ane (here also called D4) forms the main component of the
mixture. In addition to D4, the mixture contains chemically
similar polyalkylsiloxanes, namely those with a smaller
molecular mass than D4 (including D3) and also those with a
greater molecular mass than D4 (including D35). Thus the
additional constituents of the feedstock material which are
summarized under the term “additional components™ have
molecular masses and boiling temperatures that differ both
upwards and downwards from the relative molecular mass of
D4 (about 297 g/mol) and 1n the boiling temperature of D4
(about 175° C.).

In essence, the method according to the ivention 1s distin-
guished by two cooperating features. The first feature 1s that
the liquid S10, feedstock material, heremaiter also called
teedstock material, comprises two further polyalkylsiloxanes
apart from the primanly existing D4. These are the additional
components D3 and D3. The ratio of the amounts of D3 and
D35 1n the liguid S10, feedstock material 1s not arbitrary, butis
selected within a predefined range. Within the scope of the
second essential feature the method according to the inven-
tion requires a complete conversion of the liquid S10, feed-
stock material—and thus also of the weight fraction mD?3 and
mD5—into the gas phase. Hence, 1t 1s not only the liquid that
has a predetermined and narrowly defined ratio of D3 and D5,
but also the gaseous S10, feedstock vapor, heremnafter also
called feedstock vapor. With the help of the method according
to the ivention 1t 1s possible to obtain S10, soot bodies and
quartz glass bodies that exhibit a particularly high material
homogeneity which exceeds the presently common standard.
The advantages of the method can be explained 1n that a
stronger variation, which takes place on a microscopic scale,
in the si1zes of the produced S10,, particles, viz. the broadening
of the particle size distribution, results in a reduction of the
variation of the macroscopically measured density within the
510, soot body.
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Within the scope of the invention the term “weight frac-
tion” describes a relative value that ensues from the mass of
the respective additional component in relation to the total
mass of the liquid S10, feedstock material. The weight ratio
mD3/mD5 of the two weight fractions of the additional com-
ponents 1s thus a dimensionless value that can be determined
by division of the two relative weight fractions.

Within the scope of the invention the term dew point
describes the temperature at which an equilibrium state of
condensing and evaporating liquid 1s obtained.

Within the scope of the invention the statement that vapor-
ization takes place “while maintaining the weight ratio”
means that a ratio of the weight ratio G_liquid=mD3/mD?35 of
the liquid S10, feedstock material and of the weight ratio
G_vapor=mD3/mD?35 of the gaseous S10, feedstock vapor has
a value of +5x10™* at the most, preferably +2x10™* at the
most, particularly preferably +1x10™* at the most, particu-
larly +5x107> at the most. The ratio T is here calculated as
follows:

t=(G_liquid-G_vapor)/G_liquud.

Hence, the weight ratio, 1.e. the ratio of the fraction D3 to the
fraction D5, should not be changed by the vaporizing process
such that the ratio 1s shifted by more than +500 ppm at the
most, preferably 250 ppm at the most, particularly prefer-
ably £100 ppm at the most.

With the scope of the invention the statement that “the
liquid S10, feedstock material 1s vaporized at at least 99
weight percent into the gaseous S10,, feedstock vapor” means
that at least 99 weight percent of the liquid S10,, feedstock
material entering the vaporizing process are also converted
into the gas phase. It 1s the aim of the method according to the
invention that the liquid feedstock material 1s completely
converted into the gas phase. The gaseous S10, feedstock
vapor achieved thereby 1s then to be converted by means of
oxidation and/or pyrolysis and/or hydrolysis into S10, par-
ticles. With the effort to achieve a complete conversion of the
teedstock material into the feedstock vapor, 1.e. a conversion
of at least 99% weight percent (also called % by wt.), the
weight ratio of D3 to DS 1s also transferred from the liquid
phase into the gas phase. These efforts ensure that the S10,
teedstock vapor has a predetermined ratio between D3 and
D35, for 1t 1s only if the weight ratio mD3/mD3 1s within a
predetermined range that 1t 1s possible to produce S10, soot
bodies and thus quartz glass that are distinguished by a par-
ticular homogeneity. A haphazardly mixed polyalkylsiloxane
mixture which has weight fractions of D3 and D35 that differ
from the claimed range does not permit the production of
quartz glass of such a unique homogeneity. A particularly
preferred configuration variant 1s distinguished 1n that liquid
S10, feedstock material 1s converted 1nto the S10, feedstock
vapor, except for a remaining fraction of less than 20 parts per
million (herematter ppm), preferably less than 10 ppm, par-
ticularly preterably less than 5 ppm. This configuration vari-
ant can be implemented by means of the vaporization meth-
ods as are here disclosed. These vaporization methods,
particularly the combination of the vaporization due to a
pressure drop and a decrease in the dew point, make 1t pos-
sible that of the S10, feedstock material introduced 1n liquid
form 1nto the vaporizer, only very small fractions (less than 20
ppm, preferably less than 10 ppm, particularly preferably less
than 5 ppm) do not vaporize. In individual tests the fraction of
non-vaporized S10,, feedstock material could even be reduced
to less than 2.5 ppm.

Within the scope of the mnvention the term polyalkylsilox-
ane comprises both linear and cyclic molecular structures. It
1s however preferred when the polyalkylsiloxanes of the S10,
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teedstock material comprise at least three polymethylcyclosi-
loxanes, selected from the group consisting of hexamethyl-
cyclotrisiloxane (D3), octamethylcyclotetrasiloxane (1D4),
decamethylcyclopentasiloxane (D3S), dodecamethylcyclo-
hexasiloxane (ID6). The notation D3, D4, D6 derives from a
notation 1troduced by General Electric Inc., wherein “D”
represents the group [(CH,),S1]-0-. In a preferred variant, the
main component 1s the polyalkylsiloxane base substance D4.
For mstance the portion of D4 of the polyalkylsiloxane base
substance 1s at least 70% by wt., particularly at least 80% by
wt., preferably at least 90% by wt., particularly preferably at
least 94% by wt.

Within the scope of the mnvention the terms diluent and
carrier gas are used as synonyms.

A configuration of the method 1s distinguished 1n that the
ratio mD3/mD3 1s 1in the range between 0.1 and 0.5. The
measurements taken have surprisingly confirmed that only
within a comparatively small range the addition o1 D3 and D3
to the S10,, feedstock material, which 1s mainly composed of
D4, achieves a significant reduction of the inhomogeneities 1n
the density of the quartz glass. It could be determined 1n a
multitude of measurements that especially at a ratio of the
masses of the additional components mD3 to mD3 between
0.1 and 0.5 the soot body and thus also the quartz glass made
therefrom exhibited hardly any inhomogeneities.

It 1s essential 1n the method of the Invention that the S10,
teedstock material contains at least one additional component
with a smaller relative molecular mass than D4 and also at
least one additional component with a greater relative
molecular mass. It 1s assumed that during the hydrolytic or
pyrolytic decomposition of the polyalkylsiloxanes the activa-
tion energy of the oxidative attack or the thermal energy
needed for separation 1s increasing with an increasing
molecular mass. The S10, feedstock material which 1s
enriched with additional components 1s supplied to a reaction
zone 1n gaseous form and 1s decomposed 1n this process by
oxidation and/or hydrolysis and/or pyrolysis mto S10,. The
reaction zone 1s €.g. a burner flame or plasma. In the reaction
zone the polyalkylsiloxane molecule 1s oxidatively decom-
posed step by step into S10,, resulting 1n a S10,, primary
particle to which other S10— or S10, molecules from the gas
phase are attached. The attachment process will end on the
way through the reaction zone towards a deposition surface as
soon as the agglomerated or aggregated S10,, particle enters
into a zone 1n which there are no longer any other undecom-
posed molecules available.

These separation, oxidation and attachment processes
(hereimafiter also summarized under the term “particle forma-
tion process”) take place with different kinetics and at differ-
ent temperatures, depending on the molecular mass and size
of the polyalkylsiloxane molecule. As a consequence,
agglomerates and aggregates of different sizes with a com-
paratively broad particle size distribution are formed in the
reaction zone. The particle formation process 1s changing,
during use of the method according to the invention. In com-
parison with the use of pure D4 a broader distribution of the
s1zes of the evolving S10, particles and together with this a
change 1n the soot body structure can be observed. A possible
explanation for the broadening of the particle size distribution
1s that due to the different gas phase kinetics one also obtains
different kinetics with respect to the formation of S10,, pri-
mary particles on which further growth can take place due to
the attachment of further S10, molecules from the gas phase.
Another possible explanation is that already the size of the
S10, primary particles and thus with this also the size of the
S10, particles evolving therefrom and their concentration 1n
the reaction zone are changing during hydrolysis or pyrolysis

10

15

20

25

30

35

40

45

50

55

60

65

8

in response to the number and configuration of the silicon
atoms of the polyalkylsiloxane molecule.

Due to the manufacturing process soot bodies show a cer-
tain layer structure, the layers representing regions of local
changes 1n the density or the chemical composition. It has
been found that the use of a S10,, feedstock material accord-
ing to the invention yields a S10, soot body with a surpris-
ingly high homogeneity, particularly with a uniform and
weak characteristic of the layer structure. This effect can be
ascribed to the fact that the broadening of the size distribution
of the formed and depositing S10,, particles either leads to a
more homogeneous deposition of the S10, soot than 1n mono-
disperse S10, particles or that 1t facilitates a more uniform
densification of the S10,, soot during soot body production or
during vitrification.

This effect presupposes that the feedstock material enter-
ing the reaction zone contains additional components with
molecular masses at both sides of the reference molecular
mass of D4, ideally D3 and D3, or the corresponding open-
chained homologs. These are molecules with a similar
molecular mass and with a chemical similarity with D4.
These molecules effect a moderate change 1n the reaction
zone and the particle formation process and a slight flattening
of the particle size distribution on condition that the ratio
mD3/mD5 of the weight fractions of D3 and D3 1s between
0.01 and 1. At ratios outside said limit values the above-
described equalization of the deposition process 1s not
noticed.

The method according to the invention includes two prin-
cipal requirements. On the one hand, the provided liquid S10,
feedstock material must be converted at at least 99% by wt.
into the gas phase. On the other hand, this vaporization pro-
cess must be configured such that the S10, feedstock material
vaporizes while maintaining the weight ratio mD3 to mD)5.
Hence, according to the mnvention the mass ratio of the two
additional components should be substantially congruent 1n
both the liquid phase and the gas phase. It has turned out to be
advantageous when a ratio of the weight ratio
G_liquid=mD3/mD5 of the hiquid S10, feedstock material
and of the weight ratio G_vapor=mD3/mD5 of the
gaseous S10, feedstock vapor has a value of not more than
+5x10°" # | preferably not more than +2x10°' #, particularly
preferably not more than +1x10°* #, the ratio being calculated
as follows: (G_liquid-G_vapor)/G_liquid. It has been found
that the addition of two turther polyalkylsiloxanes D3 and D5
to the main component D4 of the S10, feedstock material
achieves a broadening of the particle size distribution.

The soot bodies produced according to the prior art and/or
the method according to the invention can have a density that
1s between 25-32% of the density of quartz glass. The
achieved density depends inter alia on the distance of the
burners from the deposition surface, the set temperature, the
stoichiometry of the gases and the geometry of the burners.
Different density curves within the soot body, e.g. linear,
ascending or descending radial density curves 1n soot bodies,
can be obtained by varying these factors. To analyze the
density distributions, the applicant determines the local den-
sity of a soot body with known methods at about 700 mea-
surement points. To this end about 50 cross section images are
made by means of CT methods, each of the images showing
a section transverse to the longitudinal axis of the soot body.
To determine the radial density curve, 14 approximately equi-
distant measurement points are recorded in each of the S0 CT
sections. With this method the respective radial density curve
can be determined along a sectional area through the soot
body and also a density profile along the longitudinal axis of
the soot body.
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As has been explained, it seems probable that the use of the
S10, feedstock material leads to a broadening of the particle
size distribution. The term particle size distribution 1s here
understood as a frequency distribution for statistically
describing the sizes of the individual S10, particles. Math-
ematically, the frequency distribution or particle size distri-
bution 1s a function which indicates for each occurring value
how often this value occurs. At a molecular level S10,
agglomerates and aggregates of difierent sizes are created,
the size distribution thereol covering a broader range. The
s1ze distribution of the soot particles 1s broader than a size
distribution of S10, soot particles made from pure D4. The
broader particle size distribution makes 1t possible to form a
more uniform fill for the reason that cavities etc. are filled
more uniformly. This results 1n a lower density variation—
under macroscopic aspects—within the S10, soot body.
Thus, the densities determined within the scope of the 700
measurement points retlect the macroscopic result of the
microscopically broader particle size distribution.

The mean value of the density M 1s obtained by forming the
mean over all 50 measurement points whose geometric posi-
tion varies along the longitudinal axis of the soot body, butnot
their geometrical distance from the central axis. In the case of
average soot bodies, 50 cross sections are made through the
soot body by way of the computed tomography method, so
that the mean value of the density follows from averaging 50
density measurements each time. In general, the mean values
of the density are each distributed in a normal way so that a
width a can be determined. To determine the radial density
profile, 14 measurement points are determined 1n each of the
50 sections; the radial distance of said points from the center
point of the soot body is here increasing. The variance 6 of the
width a of the mean value M thus contains a statistics of 14
points.

In soot bodies that have or should have a constant density
distribution, the mean value M of the density of the soot body
and the width o of the mean value of the densities over 50
measurements can be determined on the basis of the measure-
ment data obtained. The value o hereby shows how strongly
the density varies at a predetermined distance from the depo-
sition surface along the longitudinal axis of the soot body. In
addition, 1t 1s also possible to calculate the variance o of the
width o on the basis of the 14 measurement points that were
determined for recording the radial profile.

To make the prior art comparable with the measurements
carried out according to the mvention, several soot bodies
were produced and measured. The attempt was made to keep
the boundary conditions, such as distance from the burner,
burner temperature and stoichiometry, as constant as possible
because these have a great influence on the respective density
of the soot bodies. Soot bodies were each time produced that
had a linear density profile and reached a density between
25% and 32% of the density of quartz glass. When known
methods or materials were used, one obtained the following

measurement values for the width o and the variance o of the
density of the soot body:

GSL‘JT:O 4% ﬂ.ﬂd

65Idf;0025%

The values are each indicated in the relative density based
on the density of quartz glass.
The use of the additional components D3 and D35 1n a S10,

feedstock material that 1s otherwise predominantly consti-
tuted by D4 leads to a broadening of the particle size distri-
bution. This broadening of the particle size distribution has
the effect that the density variations in the soot body get
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smaller per se. Astonishingly, it has also been found that the
variation of the density variations was reduced. One obtained,
on average, the following values for the width o and the
variance o of the density of the soot body:

o, =0.37% and

5., =0.023%.

In this instance, too, the values are each indicated 1n the
relative density based on the density of quartz glass. The use
of the method according to the invention thereby leads to a
reduction of the measured density variations by up to 9%.
Astonishingly, the variation of the width 1s also reduced by up
to 8%. This reduction of the variation of the variation width of
the mean densities results in a much more homogeneous
quartz glass than 1s known 1n the prior art.

A Turther advantageous configuration of the method
according to the mvention 1s distinguished 1n that the addi-
tional component D3 and/or the additional component D5
make up between 0.5% by wt. and 30% by wt. of a total
weight of the liquid S10,, feedstock material; particularly the
sum of the weight fractions mD3+mD5 i1s in the range
between 1% by wt. and 15% by wt., preferably between 1%
by wt. and 3% by wt. Surprising measurements have shown
that the additional components D3 and D3 need not dominate
the S10, feedstock material. Rather, admixtures of not more
than one third of the total weight are enough to provide a S10,
teedstock material claimed according to the invention Wthh
during 1ts deposition as S10, particles leads to a broadening of
the particle size and thus to an enhanced homogeneity of the
soot body produced thereby. For instance a plurality of mea-
surements have surprisingly demonstrated that even weight
fractions between 1% by wt. and 3% by wt. of the additional
components D3 and D5 are enough. Already these compara-
tively small amounts of additional components D3, D5 have
the eflect on account of the complete conversion into the gas
phase that possibly arising density variations in the soot body
are covered by the different particle sizes of the S10,, vapor so
that a much more homogeneous soot body or quartz glass
body 1s produced on the whole.

Soot bodies produced according to the prior art have a
density of 25-32% based on the density of quartz glass. These
soot bodies show a relative variation in the density of 3-4%.
These density vanations are also transierred into the quartz
glass body during vitrification. This leads to radial, azimuthal
and axial variations of the hydroxyl groups or chlorine con-
centrations that may lead to unfavorable properties of the
quartz glass cylinder and the quartz glass fibers made there-
from. The method according to the invention 1s distinguished
in that the known density variations in the soot body are
reduced. Since this reduction of the density vanations has a
direct effect on the quality of the quartz glass cylinder, quartz
glass cylinders of a correspondingly higher quality and
homogeneity were made. This has the advantage that during
the later use of the quartz glass cylinders e.g. in the production
of optical fibers less rejects are produced. Many of the mea-
surement results indicate that the activation energy of the
polyalkylsiloxane D3, which 1s needed during the decompo-
sition of the polyalkylsiloxanes, 1s lower than 1n the case of
D4 and 1n the case of the polysiloxane D35 1t 1s greater than 1n
the case of D4. The activation energy of the polyalkylsiloxane
D3 1s lower because this molecule has a higher ring tension.
Thus, the ring can be opened more rapidly than in the more
stable D4. By contrast 1t becomes evident that the polycy-
closiloxane D3 needs more activation energy than D4 for
triggering a thermal separation of the molecule. On the
whole, however, 1t was found that the energy difference
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between D4 and D3 1s greater than between D4 and D3S. For
this reason and since D3 shows a greater tendency towards
polymerizationreactions, it has turned out to be advantageous
when the amount of the additional component D3 1s smaller
than that of the additional component D5. Thus an advanta-
geous configuration variant of the method according to the
invention 1s distinguished 1n that the additional components
comprise polyalkylcyclosiloxanes and their linear homologs
in the following amounts:

hexamethylcyclotrisiloxane (D3): weight fraction mD3 1n

the range between 0.02% by wt. and 1% by wt.,
decamethylcyclopentasiloxane (D5): weight fraction mD3
in the range between 0.5% by wt. and 5% by wt.

Within the scope of measurements 1t was surprisingly con-
firmed that the density variations within the soot body were
less than 0.4% when the aforementioned amounts of addi-
tional components were used. A further improvement of the
density variations of the soot body ensued from the fact that
the additional components comprise polyalkylsiloxanes and
their linear homologs, respectively, 1n the following amounts:

hexamethylcyclotrisiloxane (D3): weight fraction mD3 1n

the range between 0.02% by wt. and 2% by wt.,
decamethylcyclopentasiloxane (D5): weight fraction mD3
in the range between 0.5% by wt. and 10% by wt.

In the measurements, D6 was partly added with a weight
fraction mD®6 1n the range between 0.01% by wt. and 0.75%
by wt. This took 1n general place 1n exchange for the corre-
sponding amount D5. Dodecamethylcyclohexasiloxane (D6)
and 1ts linear homologs eflect, however, already 1n a low
concentration, a significant change 1n the reaction zone and 1n
the particle formation process due to their great molecular
mass as compared with D4, so that the weight fraction of D6
1s preferably not more than 100 wt. ppm.

It 1s intended within the scope of the invention that the
liqud S10,, feedstock material 1s completely converted 1nto
the gaseous S10, feedstock vapor. This complete conversion
1s needed so that the weight ratio 1n the mD3/mD35 of the two
additional components D3 and D3 exists not only 1n the liquid
phase, but also in the vaporous phase. It 1s thereby ensured
that not only 1n the liquid S10, feedstock material a lighter
polyalkylsiloxane and a heavy polyalkylsiloxane exist in a
predetermined weight ratio apart from the reference molecule
D4, but also 1n the gas phase. It 1s ensured by the high amount
of the liquid S10, feedstock material converted 1nto the gas
phase that the weight ratio mD3/mD5 1s maintained. This
maintenance of the weight ratio mD3/mD35 from the liquid
phase 1nto the gas phase 1s important for the reason that only
an admixture of the additional components D3 and D35 within
the claimed range leads to a change in the S10, primary
particles, by means of which the desired broadening of the
particle size distribution can be achieved.

In the known vaporization systems the liquid to be vapor-
1zed 1s brought into contact with a hot surface. Hot surfaces
can lead to unforeseeable changes especially in the case of
organic feedstock material, e.g. to decompositions or poly-
merizations, so that it 1s not readily evident to which degree
the composition of the vapor still corresponds to that of the
liquad. This results 1n a certain variability and non-reproduc-
ibility 1n the process control, which may lead to defects in the
particle formation process and to inhomogeneities in the soot
structure. This will be particularly noticed when exact com-
positions of components, which are very similar to one
another 1n terms of chemistry, are important in the particle
formation process. Moreover, the known vaporizer systems
pose the nisk that ultrafine liquid droplets are entrained
together with the discharged vapor stream, which may also
lead to material inhomogeneities 1n the soot body.
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To overcome these drawbacks, a further advantageous con-
figuration of the vaporization process according to the mnven-
tion consists 1n that the vaporizing process comprises the
following steps:

heating the S10,, teedstock material,

introducing the heated S10, feedstock material into an

expansion chamber, so that at least a first part ol the S10,
feedstock material vaporizes due to a pressure drop.

Within the scope of this configuration the S10, feedstock

material 1s heated. Temperatures of the S10, feedstock mate-
rial between 150° C. and 230° C. are here desired. Higher

temperatures may lead to polymerization. The use of a liquid/
liquid heating system has turned out to be advantageous,
wherein the S10,, feedstock material 1s heated by means of a
further liquid, such as o1l. A uniform and constant heating of
the S10, feedstock material takes place by way of a liquid-
to-liquid heat exchanger without the formation of any singu-
lar hot regions, as 1s e.g. the case with electric heating wires.
Such singular heating points rapidly lead to polymerization
reactions that are to be prevented. After the S10, feedstock
material has been heated, said heated matenal 1s 1njected mnto
the expansion chamber. Inside the expansion chamber the
S10, feedstock material 1s converted 1nto the gas phase. It has
turned out to be particularly gentle for the S10, feedstock
materal 11 this vaporizing process takes place as a result of a
pressure drop. To this end the S10,, feedstock material cane.g.
be heated as a supercritical liquid. It 1s only by way of a
corresponding pressure nside the heating-up device that a
boiling of the S10, feedstock material 1s prevented. During
expansion within the expansion chamber the S10, feedstock
material relaxes such that 1t passes into the gas phase. Pres-
sure drops between 1.8 and 5 bar have turned out to be
advantageous.

The heated pressurized feedstock material 1s 1introduced
through a supply channel into the expansion chamber and 1s
then nebulized and/or atomized via a corresponding spray
head. The said pressure drop can take place directly above the
atomizing nozzle and thereby ensure a fast, but uniform trans-
fer ot the S10, feedstock material into the S10, feedstock
vapor. Advantageously, the expansion chamber itsell 1s
heated to a temperature in the range between 150° C. and 200°
C. Although the expansion chamber 1s not meant to ensure
vaporization, the heat which 1s made available and radiates
from the walls of the expansion chamber also 1nto the interior
of the expansion chamber supports the vaporizing process as
a result of the pressure drop.

The si1ze range of the droplets depends on many param-
eters. Apart from the rheological properties of the liquid and
the geometry of the atomizing nozzle, this 1s particularly the
ex1t velocity of the liquid out of the atomizing nozzle, which
1s substantially defined by the pressure difference. Within the
said pressure difference range the exiting liquid jet disinte-
grates into fine drops with a narrow drop size distribution on
account of a turbulent tlow.

A tfurther advantageous configuration of the vaporization
process according to the invention 1s achieved 1n that vapor-
1zing comprises the steps of:

heating the S10, feedstock matenial,

introducing the heated S10, feedstock material into the

expansion chamber,

mixing the S10, feedstock material with a heated diluent,

so that at least a second part of the S10, feedstock mate-
rial vaporizes due to a decrease 1n the dew point. Within
the scope of this configuration variant, a diluent 1s used
for vaporizing the feedstock material. Advantageously,
the diluent 1s a carrier gas which flows through the
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expansion chamber. It 1s for this reason that the term
diluent gas and the term carrier gas are regarded as
synonyms in the following.

Within the scope of this configuration variant, the S10,
feedstock material 1s also heated. As has already been
explained, 1t has turned out to be advantageous when the
heating process 1s carried out by means of a heat exchanger
and leads to a heating of the S10, feedstock material to a
temperature within the range of 120° C. to 230° C. The S10,
teedstock maternial 1s 1troduced through a corresponding
pipe mnto the expansion chamber and is there atomized and/or
sprayed via an atomizing nozzle. To achieve a transition of the
S10, feedstock material into the S10, feedstock vapor that 1s
as uniform as possible, a diluent such as nitrogen should be
introduced 1nto the expansion chamber 1n a direction opposite
to the spraying direction of the S10,, feedstock material. The
second part of the liquid S10, feedstock material will vapor-
1ze upon entry 1nto the expansion chamber because the partial
pressure of the liquid S10,, feedstock material in the chamber
1s reduced and the dew point thereot will thus also decrease.
The special feature of this method 1s that due to the lowering
of the partial pressure the temperature at which the liqud
S10, feedstock material passes into the gas phase will also be
reduced. Depending on the amount of the added and heated
carrier gas, the dew point of the S10,, feedstock material will
decrease by up to 30° C. Hence, a very strong heating of the
510, feedstock material 1s not needed 1n the feed. Apart from
nitrogen, argon and helium have also turned out to be usetul
as carrier gases or diluents. These are gases that show an 1nert
behavior with respect to polyalkylsiloxanes, so that oxida-
tion, polymerization or decomposition reactions between the
liquid and the carrier gas, particularly under pressure and at
an elevated temperature, and thus a non-reproducible change
in the composition of the feedstock material are avoided.

Like in the above-described configuration variant of the
vaporizing process by way of pressure drop, vaporization by
way ol reducing the partial pressure also makes it possible
that the vaporization of the liquid S10, feedstock material
does not take place through metallic surfaces. Such metallic
surfaces often exhibit inhomogeneous temperature distribu-
tions so that polymerization effects may partly occur on the
particularly hot regions. To avoid such regions, 1t 1s intended
according to the invention that vaporization by way of the
partial pressure or the pressure drop already takes place upon
entry of the S10,, feedstock material into the expansion cham-
ber without the liquid passing to the inner walls of the expan-
sion chamber and vaporizing at said place.

A Turther configuration variant of the method according to
the invention 1s distinguished 1n that the S10,, feedstock mate-
rial 1s converted due to the pressure drop and/or the reduction
of the partial pressure at at least 99.95% by wt., preferably
99.9995% by wt., mto the S10, feedstock vapor. In an alter-
native of this configuration the liquid S10, feedstock material
1s transierred into the gas phase only by the pressure drop
upon entry of the heated and pressurized S10, feedstock
materal into the expansion chamber. To achieve a complete
conversion, it has turned out to be advantageous when the
liquid S10,, feedstock material 1s atomized into ultrafine drop-
lets. The mean diameter thereof should be smaller than 5 um,
preferably less than 2 um, particularly preferably less than 1
um. The liquid feedstock material 1s thereby converted 1nto a
cloud of small droplets that can evenly vaporize due to expan-
s10n as a consequence of the pressure drop.

To support this division of the liquid into small droplets, 1t
has turned out to be usetul when ultrasonic atomizers are used
which due to the action of ultrasound effect a uniform and fine
atomization of the S10,, feedstock material. Within the scope
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of the invention ultrasound designates a sound with frequen-
cies above the range perceived by humans. This comprises
frequencies between 16 kHz and 1.6 GHz. In an ultrasonic
atomizer a liquid 1s atomized without pressure application
and without heating. For instance, a piezoceramic wetted
with the liquid can be induced to vibrate by means of high-
frequency alternating voltage. As a consequence, ultrasonic
waves form 1n the liquid, the maximum strength of said waves
being reached at a specific liquid level and said waves eflect-
ing the formation of a so-called ultrasonic trunk. Small liquid
droplets or acrosols detach from this ultrasonic trunk and can
be used for the desired application. The advantage of ultra-
sonic atomizers lies 1 the uniform atomization of variable
volume flows, the almost constant drop spectrum over the
whole volume flow range and the drops’ own small velocity,
resulting 1n a good controllability of the jet. Thus, a narrow
droplet size distribution can be accomplished 1n a reproduc-
ible manner through ultrasonic atomization, which has a posi-
tive effect on the uniformity of the vaporization result.

Within the scope of the second alternative, the conversion
of the liquid $10, feedstock maternal 1into the vapor phase
takes place exclusively by use of the carrier gas, with the
consequence of the reduction of the partial pressure. Corre-
spondingly suificient amounts of the diluent/carrier gas must
here flow through the expansion chamber and thereby ensure
vaporization of the liquid S10, feedstock material.

As a third alternative, this configuration variant of the
method according to the invention specifies that the liquid
feedstock material 1s vaporized both by using the pressure
drop and by lowering the partial pressure. This variant has
turned out to be particularly advantageous because large
amounts of liquid material have to be vaporized for obtaining
quartz glass cylinders with diameters of up to 300 mm. To
convert the needed material amounts 1n a gentle and uniform
manner from the liquid phase into the gas phase, 1t has turned
out to be preferred when a S10, feedstock material which 1s
overheated at least for partial components 1s introduced into
the expansion chamber and 1s there transferred by pressure
drop and by use of a diluent into the gas phase. This combi-
nation of the vaporization process due to a pressure drop and
a reduction of the dew point makes 1t possible that of the S10,
teedstock material imntroduced 1n liquid form into the vapor-
1zer, only very small amounts (less than 20 ppm, preferably
less than 10 ppm, particularly preferably less than 5 ppm) do

not vaporize. In individual tests the amount of non-vaporized
S10, feedstock vapor could even be reduced to less than 2.5
ppm.

The liquid S10, feedstock material can be transferred more
casily and uniformly into the gas phase 1f the individual
amounts to be vaporized are each small and have a large
surface. This can optimally be achieved in that the liquid of
the S10, feedstock material 1s atomized into fine droplets. The
atomized droplets can then be transierred via pressure drop
and/or blending with the heated diluent/carrier gas into the
gas phase. It has turned out to be advantageous when the
contact of the fine droplets with the hot carrier gas takes place
in a chamber that 1s kept at a temperature ranging from 150°
C. to 230° C. At a temperature of less than 150° C. there 1s a
certain risk that droplets do not vaporize completely, so that
liquid 1s entrained into the reaction zone, which leads to
inhomogeneities in the particle formation process and to
defects 1n the soot body structure, such as bubbles. At a
temperature above 230° C., otherwise energetically inhibited
reactions with non-reproducible and undesired reaction prod-
ucts, particularly decompositions and polymerization reac-
tions, are more likely.
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A further configuration variant of the method according to
the invention 1s distinguished in that the liquid S10,, feedstock
material 1s converted at room temperature under a defined
pressure (e.g. between 1 and 5 bar) 1n an atomizing nozzle
into very small droplets of a few micrometers. A carrier gas
(diluent) 1s first heated via a heat exchanger and mixed with
the droplets such that the vaporizing process predominantly
takes place 1n the gas phase and not on hot surfaces. This
method can be configured such that the liquid S10,, feedstock
material need not be preheated. In this variant the carrier gas
and the liquid S10, feedstock material are mixed prior to the
atomization proper 1nto droplets.

A further configuration variant of the method according to
the invention 1s distinguished in that upon introduction of the
S10, feedstock material into the expansion chamber a com-
position of the S10, feedstock material 1s measured by means
ol a concentration detector. Within the scope of this configu-
ration the composition, 1.¢. e.g. the ratio D3, D4 and D5, 1s
directly monitored at the expansion chamber. The supplied
S10, feedstock material 1s here analyzed by means of the
concentration detector, e.g. a gas chromatographer. A similar
analyzing station with a concentration detector can also be
arranged at the outlet of the expansion chamber and can
determine the composition of the S10, feedstock vapor. One
or both detectors may be part of a quality management system
and send the composition measurement to a computing sys-
tem where the quality of the added materials and vapors 1s
monitored. Such a permanent monitoring of the composition
and the weight fractions of the S10, feedstock material
ensures that the method according to the mvention can be
employed at any time and soot bodies can thereby be built up
having a variance of the density vanations of only
0, .=0.023%. Extremely homogeneous synthetic quartz

IFIY

glasses can then be produced by vitrification from soot bodies
of such a structure.

A Turther configuration variant of the method according to
the invention 1s distinguished in that forming the stream of the
510, feedstock material according to method step (B) com-
prises generating a first gas stream by vaporizing a mixture of
polyalkylsiloxanes containing pure D4, and generating a sec-
ond gas stream by vaporizing a second mixture of polyalkyl-
siloxanes substantially contaiming D3, D4 and D35, and com-
bining the gas streams before or during method step (C).
Within the scope of this configuration variant the individual
components of the liquid S10, feedstock maternal are vapor-
1zed individually. Thus a vaporization of the base maternial of
the S10, feedstock material takes place, the base materal
consisting primarily of D4, wherein in parallel therewith a
second mixture of polysiloxane 1s vaporized that contains the
two additional components D3 and D3 in an adequate
amount. Subsequently, the two separately produced gas
streams are combined to then convert the same into S10,
particles by oxidation and/or pyrolysis and/or hydrolysis. A
corresponding concentration detector can ensure that the
composition of the S10, feedstock vapor from the two pro-
duced gas streams has the desired weight fraction mD3/mD5
within the gaseous S10, feedstock vapor. The vaporization of
the two partial components of the S10,, feedstock material can
here be carried out by way of different methods and/or at
individual temperatures.

The liquid S10,, feedstock material can be produced by
mixing the individual components or by blending component
mixtures, or by premature removal from a distillation column
or by premature termination of a distillation, as 1s otherwise
standard for the purification of octamethylcyclotetrasiloxane.
Hence, in the method according to the invention a purification
of octamethylcyclotetrasiloxane can be omitted and, instead
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of this, a less pure and therefore also cheaper D4 quality can
be used. The similar densities and properties of the polyalkyl-
siloxanes of the feedstock material counteract a separation.

The above limit values for the ratio mD3/mD3 of the
weight fractions of D3 and D5 designate the composition of
the feedstock material 1n 1ts liquid phase. During transition
into the gas phase the composition of the feedstock material
may however change due to decomposition, polymerization
or distillation. To avoid this efiect, or to keep 1t as small as
possible, a vaporization method 1s used according to the
invention i which the liquid S10, feedstock material 1s first
atomized under pressure by means of an injector into fine
droplets, and the fine droplets are completely vaporized with-
out any contact with solid, particularly metallic, surfaces and
predominantly by contact with a hot carrier gas.

The fine droplets provide a large surface that allows a rapid
and efficient, 1.e. energy-saving, and above all complete
vaporization of the liquid feedstock material. Changes in the
composition due to decomposition, polymerization or distil-
lation should thereby be avoided to a substantial degree and a
defined composition of the feedstock material supplied to the
consumer as well as a reproducible particle formation process
are ensured. The combination according to the invention of
providing a composition of the S10, feedstock material opti-
mized for homogeneous soot formatlon on the one hand, and
the maintenance thereof during vaporization and the supply to
the reaction zone, on the other hand, results 1n a soot body
from which a quartz glass that 1s distinguished by high mate-
rial homogeneity and radiation resistance 1s obtained by sin-
tering or vitrification.

The methods that are here disclosed have the following
advantages over conventional known methods: (1) determi-
nation of the various fractions of the polyalkylsiloxanes so as
to achieve a broadening of the particle size distribution; (2)
simplification of the vaporization process because the inven-
tion aims at a complete conversion of the liqud feedstock
material into the gaseous S10, feedstock vapor; and (3) the
ability to reduce the vaporization temperature considerably
by adding a diluent gas during the vaporization process so as
to convert all fractions of the feedstock material into the gas
phase without temperature-induced chemical reactions.

Also claimed 1s the use of a synthetic quartz glass which 1s
produced according to the method as 1s here disclosed,
wherein the synthetic quartz glass 1s used for the production
of optical fibers. The method as 1s here disclosed permits the
production of quartz glass of a very high quality. Due to the
low density variations of the soot body, high-quality quartz
glasses can be produced that are preferably used for telecom-
munication fibers, optical fibers.

Further advantages, features and details of the mvention
become apparent from the sub-claims and the following
description, 1 which with reference to the drawings an
embodiment of the mvention 1s described 1n detail. The fea-
tures mentioned 1n the claims and the description can here be
essential for the mnvention, either when taken singly or in any
desired combination.

FIG. 1 shows a device for performing the method accord-
ing to the mvention for producing a S10, soot body, 1n a
schematic 1llustration;

FIG. 2 shows a qualitative analysis of ring structures in soot
bodies 1 dependence upon the composition of the feedstock
material 1 the form of a diagram;

FIG. 3 1s a CT 1image of a soot tube produced according to
the mvention by using a feedstock material of different poly-
alkylsiloxanes, 1n a view taken 1n the direction of the longi-
tudinal axis of the soot tube:
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FIG. 4 shows, by way of comparison, a CT image of a S10,
soot tube produced on the basis of the prior art by using a pure
octamethylcyclotetrasiloxane as feedstock material;

FIG. 5 1s a schematic diagram showing the various ele-
ments of the quartz-glass producing system according to the
invention;

FIG. 6 1s a schematic illustration of a vaporization cham-
ber.

It 1s known 1n the prior art to use the polyalkylsiloxane
octamethylcyclotetrasiloxane (D4) for producing quartz
glass. With the known production methods, however, 1t 1s
only possible to produce synthetic quartz glasses that have a
certain layer structure.

One of the objectives of this invention 1s to overcome that
drawback—regions of local changes 1n the density and/or the
chemical composition. The starting point of the method
according to the mvention 1s here the formation of a gas
stream from a S10,, feedstock vapor 107 which contains D4 as
the main component. A reference molecular mass 1s assigned
to this polyalkylsiloxane. The gas stream 1s supplied to a
reaction zone 1n which the S10,, feedstock vapor 1s converted
into S10, under formation of amorphous S10, particles by
pyrolysis, oxidation or hydrolysis. The subsequent deposition
of the amorphous S10, particles on a deposition surface 160
leads to the formation of a porous S10,, soot body 200 which
forms a synthetic quartz glass by vitrification. To permit the
production of large-volume cylindrical soot bodies 200 with
outer diameters of more than 300 mm of improved material
homogeneity, the mvention discloses that the start material
D4 comprises at least two additional components in the form
of turther polyalkylsiloxanes. These are however not arbi-
trary polysiloxanes, but a polysiloxane with a molecular mass
lower than that of the reference molecular mass of D4, and a
polysiloxane which has a molecular mass greater than that of
the reference molecular mass of D4. Surprisingly, measure-
ments showed that the use of a heavier and a lighter poly-
alkylsiloxane in combination with the base material D4
elfects a broadening of the particle size distribution of the
S10, primary particles. In addition, the variation ot the width
of the particle size distribution 1s smaller than 1n comparable
methods for producing synthetic quartz glass that use e.g.
exclusively D4 or S1Cl,,.

The device shown 1n FIG. 1 serves to produce a S10, soot
body 200. A plurality of flame hydrolysis burners 140 which
are arranged 1n a row are disposed along a carrier tube 160 of
aluminum oxide. In a modification of the method which aims
at a higher productivity, a plurality of deposition burners are
used instead of only one burner 140 and these are reversingly
reciprocated for soot deposition 1n a joint burner row along,
the rotating carrier tube, each of the burner flames only
sweeping over a sub-length of the carrier tube 160.

The S10, feedstock material 105 which 1s enriched accord-
ing to the invention with additional components 1s supplied to
the reaction zone 1n a gaseous form and 1s thus decomposed
by oxidation and/or hydrolysis and/or pyrolysis into S10.,,.
The reaction zone 1s e.g. a burner tlame or plasma. In the
reaction zone S10,, particles 148 are formed, which are depos-
ited layer by layer on the deposition surface 160 with forma-
tion of the S10, soot body. The S10,, particles 148 themselves
are present in the form of agglomerates or aggregates of S10,
primary particles with particle sizes 1in the nanometer range.

The flame hydrolysis burners 140 are mounted on a joint
burner block 141 which 1s reciprocated 1n parallel with the
longitudinal axis 161 of the carrier tube 160 between two
turning points that are stationary with respect to the longitu-
dinal axis 161, and which 1s displaceable 1n a direction per-
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pendicular thereto, as outlined by the directional arrows 142.
The burners 140 consist of quartz glass; their center-to-center
distance 1s 15 cm.

A corresponding burner flame 143 which forms a reaction
zone within the meaning of the invention is assigned to each
of the flame hydrolysis burners 140. In the reaction zone S10,,
particles are formed and deposited on the cylinder outer sur-
tace of the carrier tube 160 rotating about 1ts longitudinal axis
161, so that a soot body 200 1s built up layer by layer with an
outer diameter of 350 mm. During the deposition process, a

temperature of about 1200° C. 1s established on the soot body
surface 200.

The flame hydrolysis burners 140 are each fed with oxygen
and hydrogen as combustion gases and, as feedstock material
for the formation of the S10, particles, with the 510, feed-
stock vapor 107 which contains a mixture of vaporized poly-
alkylsiloxanes with the composition as can be seen in Table 1.
Within the scope of the invention the term polyalkylsiloxanes
comprises both polyalkylcyclosiloxanes and the linear
homologs thereof.

The S10, feedstock vapor 107 with the polyalkylsiloxane
mixture 1s produced by means of a vaporizer system 120 that
comprises a storage container 110 for the liquid mixture, a
liquid pump 122, a tflow meter 123 for liquid, an MFC (mass
flow controller) 124 for the controlled supply of a carrier gas
stream 152 of nitrogen, and a double-walled heatable vapor-
1zation chamber 1235 with an atomizer 128. The storage con-
tamner 110, a pump 122 and an atomizer 128 are intercon-
nected by means of flexible metallic lines. The storage
container 110 1s heated to a temperature of 170° C., and the
heated liquid 1s supplied by means of the pump 122 via the
flow meter 123 1n an exact dosage to the atomizer 128. A
concentration detector may here be provided 1n the connec-
tion line between the tlow meter 123 and the atomizer 128 for
monitoring the composition of the S10, feedstock material

105 and/or the S10,, feedstock vapor 107.

The atomizer 128—also called atomizing nozzle—is an
ultrasonic atomizer. Said atomizer 1s sitmultaneously fed with
a nitrogen carrier gas stream via the MFC 123 at a pressure of
1.5 bar to 5 bar and with the liquid to be vaporized. Said liquid
1s atomized 1nto fine droplets with a maximum diameter of 1
um and a small droplet size distribution with a mean diameter
(d, value) of 0.7 um and directly sprayed into the vaporizer
120 1n this process. The vaporizer 120 has an internal tem-
perature of 195° C. so that the fine liquid droplets vaporize
immediately and the vapor stream 1s supplied to a stationary
flow distributor and distributed by said distributor via heat-
insulated flexible media supply lines over the individual
deposition burners 140.

A Teed line for the combustion gases oxygen and hydrogen
and one for an auxiliary gas (oxygen), which 1s used 1n the
burner flame 143 between the stream of the feedstock mate-
rial and the stream of the combustion gas and which counter-
acts premature mixing, also terminate in the flow distributor.
Thus combustion gases and S10, feedstock vapor 107 are
only mixed in the hot zone of the burner flame 143. After
completion of the deposition process a tube of porous S10,
s00t (soot tube) 1s obtained which 1s subjected to a computed
tomography (CT) analysis. The soot tube 200 1s irradiated
over its length with X-rays. The images obtained thereby
permit quantitative and qualitative statements on the intensity
and homogeneity of the axial and radial layer structure of the
soot tube 200.



TABLE 1

No. mD3 mbD35 mD3 + mD5 mD3/mDS35 N
1 500 50,000 50,500 0.01 0
2 4,600 46,000 50,600 0.1 ++
3 16,000 32,000 48,000 0.5 ++
4 25,300 25,300 50,600 ‘ ++
5 10,000 10,000 20,000 +
6 500 500 1000 1 0
7 46,000 4,600 50,600 10 —
8 48,000 2,400 50,400 20 —
9 49,000 500 49,500 100 —
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Table 1 lists different compositions of the liquid S10, feed-
stock material that were examined within the scope of a
plurality of experiments, as well as the quality results that
were determined on the respective soot tube. The S10, feed-
stock material consisted predominantly of D4 which had
added thereto the corresponding amounts of D3 and D3 by the
type of distillation and/or by admixture of polyalkylsiloxanes
to the high-purity commercial octamethylcyclotetrasiloxane
(D4) and/or further addition of distillation side products.
Other impurities, such as heavy polyalkylsiloxanes, e.g. par-
ticularly D6, D7, D8, were part of the liquid S10, feedstock
material at an amount of 500 ppm at the most. As can clearly
be seen, admixtures of D5 and D3 with a weight ratio mD3/
mD3 1n a range between 0.01 and 1, particularly between 0.1
and 1, lead to homogeneous soot bodies and quartz glasses,
respectively. If the claimed weight ratios are exceeded or not
reached, the number of mmhomogeneities will rise and the
quality of the synthetic quartz glass will thus decline. For
instance, the qualitative results of Table 1 show that when a
teedstock material 1s used 1n the form of a mixture containing,
apart from D4, a suitable quantitative proportion of the poly-
alkylcycosiloxanes D3 and D5, one will obtain a quartz glass
in an economic way that has a uniform layer structure with a
minor layer formation.

All concentrations of the polyalkylsiloxanes in Table 1 are
indicated in wt. ppm, with the remaining fraction being each
time D4 and minor fractions (<300 ppm D6, D7. D8) and
unavoidable impurities. The parameter “S” 1s a qualitative
measure ol the homogeneity and the intensity of the layer
structure detected by way of the CT measurement. The sym-
bols of the qualitative assessment are as follows:

“++” very good.

“+” good,

“0” acceptable,

“~” poor and
——"" Very poor.

The entries 1n the Table i1llustrate that the weight ratios
mD3 to mD3 should advantageously lie 1n a range between
0.1 and 1. Moreover, the measurements showed that the sum
of the weight fractions of the components mD3 and mD5
should preferably lie in arange between 1% by wt. and 6% by
wt. to achieve an optimum homogeneity of the quartz glass
bodies. Deviations from the selected range and/or the selected
sum of the weight fractions lead each to a reduction of the
homogeneity of the quartz glass. As 1llustrated by the values
in Table 1, an addition of the two components D3 and D5 with
a total weight fraction between 2% by wt. and 6% by weight
yields quartz glass with a homogeneity that can be described
as very good or good. Particularly marked was the sample
having an mD3/mD5 ratio of 0.5. At a total fraction of 48000
ppm=4.8% by wt. of the admixtures by the additional com-
ponents D3 and D35 in the base material D4, one obtained a
quartz glass cylinder which had the least density varnations.
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The measurement results listed 1n Table 1 are also retlected
in the diagram of FIG. 2. In the ordinate, the number “A” of
the layers 1n the soot body per length unit (in cm) 1s plotted, as
can be determined from the CT measurements, and in the
abscissa the ratio mD3/mD?3. It1s evident that at an mD3/mD5
ratio of about 0.5 an optimum result 1s achieved with respect
to homogeneity. Clearly visible 1s the curve of the quality
value A following a square function with a plotting in a
semi-logarithmic representation as the function of the weight
ratio mD3/mD?3. It 1s only possible to implement the advan-
tages according to the mvention within a clearly restricted
window. Upon variation of the weight ratios beyond the
claimed range the advantage determined according to the
invention will diminish.

FIGS. 3 and 4 show layer images that were made by X-ray
computed tomography methods. A cross section through a
cylinder-shaped quartz glass body can each time be seen. The
section 1s here made 1n a direction transverse to the longitu-
dinal axis of the quartz glass body. As explained, the amor-
phous S10, particles are deposited on a deposition surface.
Said deposition surface can be seen in each of said FIGS. 3
and 4 as a white ring in the center of the quartz glass body that
1s otherwise shown 1n a grayish color. The S10, particles are
deposited layer by layer under rotation of the rod-shaped
deposition surface.

The CT 1mmage of FIG. 3 shows the S10,, soot tube produced
by using a S10,, feedstock material 105 according to sample
no. 5 of Table 1. In this imaging technique, regions of a
relatively high density are shown as bright surface regions. It
1s evident that the density 1s uniformly decreasing from the
inside to the outside. Radial layers are hardly visible. By
comparison, FI1G. 4 shows a CT image of a soot tube produced
according to the prior art with a commercial feedstock mate-
rial. Radially extending layers can be detected by way of
brightness differences. The smaller inner diameter in the
sample according to FI1G. 4 1s due to the use of a carrier having
a smaller outer diameter 1n the deposition process for produc-
ing the S10, soot tube. Density variations can particularly be
detected 1n an easy and clear way by using X-ray radiation for
visualizing the cross section of the quartz glass body. It 1s
obvious that the quartz glass body that was produced accord-
ing to the known method has a plurality of concentrically
structured density variation rings. Such types of density
variations may have drawbacks particularly when the quartz
glass 1s used for optical fibers.

By contrast. FIG. 3 clearly shows that there are no longer
any concentric rings that would hint at density variations. An
optical control of the images made by computed tomography
already reveals that quartz glass bodies that show a very
uniform homogeneity can be produced by using a polysilox-
ane mixture which contains the additional components D3
and D5 1n predetermined amounts and weight ratios. The
uniform homogeneity of the quartz glass directly follows
from the homogeneous distribution of the S10, particles 1n
the soot body. The transition from the S10, soot body to the
synthetic quartz glass takes place under supply of thermal
energy. Within the scope of this method step called vitrifica-
tion, defects or density varniations that are present 1n the S10,
soot body manifest themselves 1n the quartz glass. The use of
two additional components leads, as has been explained, to a
broadening of the particle size distribution. Thus the variance
of the density variations of the soot body can be reduced to
only o,  =0.023%. Such homogeneous S10, soot bodies can
then be converted into also extremely homogeneous quartz
glass bodies by vitrification.

FIG. 5 shows the system 100 for producing quartz glass
which uses the method according to the invention. For this
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purpose the system 100 comprises a storage tank 110 from
which the liquid S10, feedstock material 105 1s pumped by
means ol a pump (not shown) into a pre-heating device 115.
With the help of known methods the ligumad S10, feedstock
material 105 1s heated up 1n the pre-heating device 115 to an
clevated temperature. After having flown through the pre-
heating device 115, the liquid S10,, feedstock material 105 1s
pumped 1nto the expansion chamber 125 of the vaporizer 120.
As will still be explained 1n more detail, the transition of the
liguid S10, material into the gaseous S10, feedstock vapor
107 takes place in the expansion chamber 1235. The S10,
teedstock vapor 107 flows via a line 130 to the burner 140
where a pyrolytic or hydrolytic conversion of the S10, feed-
stock vapor 1nto S10,, particles takes place.

The pre-heating device 115 has an inlet 116 and an outlet
117. The S10,, feedstock material 105 1s fed through the 1nlet

116 into the pre-heating device 115. The S10, feedstock
material 105 1s heated within the pre-heating device 115. This
can be done by using a hot o1l system or an electric heating
clement 1n the walls of the pre-heating device. To heat up the
liquid S10, feedstock material 105 1n a uniform manner while
avolding het regions, 1t has turned out to be advantageous
when the pre-heating device 115 comprises a flow channel
which 1s surrounded by hot o1l channels. The liquid-to-liquid
heat transter that can thereby be realized achieves a uniform
heating of the liquid 10, feedstock material 105. This typeof
uniform heating ensures that there 1s no temperature-induced
chemical conversion of the D3 or the D5 polyalkylsiloxanes.
The heated liquid S10, feedstock material 105 1s discharged
from the pre-heating device 115 1nto the expansion chamber
125 through a feed line 145.

The expansion chamber 125 defines an inner volume for
the free expansion of the S10, feedstock vapor. To achieve
such a vaporization of the liquid 510, feedstock maternial 1into
the gaseous feedstock vapor, it has turned out to be advanta-
geous when the temperature of the hiquid S10, feedstock
material 1s raised 1n the pre-heating device 1135 above the
boiling point of the S10,, feedstock material at the operating,
pressure of the expansion chamber. A preferred operating
temperature for the pre-heating device 115 1s about 220° C.
The boiling point of D4 at atmospheric pressure 1s about 175°
C. To avoid a situation where the liquid S10, feedstock mate-
rial boils at 220° C., a back-pressure 1s needed 1n the pre-
heating device 115 of about 100 kPa. The liquid reactant 1s
thereby kept as an undercooled (compressed) liquid 1n the
pre-heating device 115.

As illustrated 1n FIG. 6, the liquid S10, feedstock material
flows from the pre-heating device 115 through the feed line
145 into the interior of the expansion chamber 125. The
pre-heating device 1135 heats the liquid S10, feedstock mate-
rial 105 to an adequate degree, so that it vaporizes almost
completely while 1ts pressure drops upon entry 1nto the mner
volume of the expansion chamber 125. Such an immediate
vaporization will only take place 1f the pre-heating device 15
has raised the temperature of the liquid S10, feedstock mate-
rial above the boiling point of the S10,, feedstock material at
the operating pressure of the expansion chamber 125. Thus
the amount of the S10, feedstock material 105 which vapor-
1zes immediately depends on the heating quantity supplied to
the liquid S10,, feedstock material 1n the pre-heating device
115.

To achieve a particularly umiform and complete vaporiza-
tion also of the high-boiling portions of the S10,, feedstock
material, 1t 1s advantageous when a heated gaseous diluent 1s
additionally introduced into the chamber. The S10, feedstock
material used according to the invention comprises a plurality
of polyalkylsiloxanes, particularly D3, D4 and D5. Each of
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the said polyalkylsiloxanes has a different boiling tempera-
ture. To maintain the weight ratios of the additional compo-
nents, 1t 1s important that the S10,, feedstock material vapor-
1zes 1 a uniform way. This requires that the supplied amount
of heat and the supplied amount of diluent are so great that
even D3, which has the highest boiling temperature, can
vaporize. In the pre-heating device 115, heat 1s supplied to the
S10, feedstock material to heat the same. At temperatures of
about 250° C., however, gels may possibly form in the high-
boiling polyalkylsiloxanes, D7, D8 or D9. To prevent those
high-boiling elements from forming gels, 1t 1s advantageous
when within the vaporization process a diluent 152 1s sup-
plied, preferably a gaseous diluent heated to the desired
vaporization temperature. For this purpose the gaseous dilu-
ent 152 may flow through a corresponding media line 150
from a storage container 151 into the expansion chamber 125.

Especially nitrogen has turned out to be advantageous as
diluent 152. Other diluents, e.g. argon or helium, can also be
used if this 1s desired. These are gases that show an inert
behavior with respect to polyalkylsiloxanes, so that oxida-
tion, polymerization or decomposition reactions between the
liquid and the carrier gas, especially under pressure and at
clevated temperature, and thus a non-reproducible change 1n
the composition of the feedstock material are avoided. The
partial pressure of the liquid S10,, feedstock material 1n the
expansion chamber 125 1s reduced by supplying the diluent,
and the dew point thereoft 1s thereby lowered. As a result, the
S10, feedstock material need not be heated at high tempera-
tures in the pre-heating device 115. Rather, temperatures
between 150° C. and 230° C. are enough to ensure a complete
conversion of the S10, tfeedstock material into the S10, feed-
stock vapor. It 1s here the aim that the vaporization of the S10,
feedstock material comprises an injection phase 1n which the
teedstock matenal 1s atomized 1n liquid form 1nto fine drop-
lets, and a vaporization phase in which the fine droplets are
rapidly and efliciently vaporized completely by contact with
a hot carrier gas, but without contact with walls.

FIG. 6 1llustrates the vaporization according to the inven-
tion. The heated-up S10, feedstock material 103 1s supplied
through the feed line 145 to the expansion chamber 125. At
the end of the feed line 145 1n the interior of the expansion
chamber 125, the feed line 145 comprises a nozzle-shaped
atomizing nozzle 128. With the help of the atomizing nozzle
128 the liquid S10, feedstock material 105 1s atomized nto
fine droplets having a mean diameter of less than one um,
preferably between 0.5 um and 20 nm (d., value). Due to the
pressure drop occurring upon exit out of the atomizing nozzle

128, a substantial part of the liquid feedstock material 1s
transierred into the gas phase. In addition, a nitrogen stream
preheated to about 200° C. to about 230° C. 1s passed through
the media line 150 1nto the expansion chamber 125. Advan-
tageously, the nitrogen stream has a temperature that corre-
sponds substantially, 1.e. +/-10° C., to the temperature of the
liquid S10,, feedstock material 105. According to the inven-
tion the nitrogen stream flows opposite to the spray direction
of the liguid S10, feedstock matenial 105 so as to ensure
strong mtermixing and adequate heat transfer. Due to the
combination of the two vaporization principles, pressure drop
and vaporization by means of the gaseous nitrogen, the liquid
S10, feedstock material 105 1s fully converted into the gas-
eous S10, feedstock vapor 107. It 1s not intended that parts of
the 11qu1d S10, feedstock material 105 deposit on the walls of
the expansion ehamb er 125 and/or are vaporized thermally at
said place. The gaseous S10,, feedstock vapor 107 flows off
through the line 130 to the bumer 140. In the burner 140, the
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S10, feedstock vapor 107 1s converted by pyrolysis, oxidation
or hydrolysis into S10, particles 148, also called S10,, or soot
or S10,, soot.

The size range of the droplets depends on many param-
cters. Apart from the rheological properties of the liquid and
the geometry of the atomizing nozzle 128, these are particu-
larly the exit velocity of the liquid out of the atomizing nozzle,
which velocity 1s substantially determined by the pressure
difference. Within the said pressure difference range the exit-
ing liquid jet disintegrates into fine droplets with a narrow
droplet size distribution due to the turbulent flow.

In another method variant, 1t 1s intended that forming the
stream of the S10,, feedstock material comprises generating a
first gas stream by vaporizing a mixture ol polyalkylsilox-
anes, which contains pure D4, and generating a second gas
stream by vaporizing a second mixture of polyalkylsiloxanes,
which substantially contains D3, D4 and D5, and combining,
the gas streams before or during method step (C). The vapor-
1zation parameters, such as vaporization temperature and
vaporization rate, can be adapted individually to the compo-
nents to be vaporized and can be optimized by using separate
vaporizers for different components of the feedstock mate-
rial.

As has been shown, 1t 1s the objective of the method accord-
ing to the invention that the liquid S10,, feedstock material
built up of a plurality of polyalkylsiloxanes 1s completely
converted 1nto the gas phase while the weight ratios of the
additional components D3 and D5 are maintained. According
to our surprising finding the addition of the additional com-
ponents D3 and D35 into a D4 liquid yields a S10, feedstock
material by means of which particularly homogeneous S10,
soot bodies can be built up. Advantageously, the D4 start
material only exhibits an impurity of less than 500 ppm, and
all polyalkylsiloxanes that are not D3, D4 or D5 are here
particularly regarded as impurity.

LIST OF REFERENCE NUMERALS

100 system

105 S10,, feedstock material

107 S10,, feedstock vapor

110 storage tank/storage container

115 pre-heating device
116 1nlet

117 outlet

120 vaporizer/vaporizer system
122 liquid pump

123 flow meter

124 MFC (mass tlow controller)
125 expansion chamber/vaporization chamber
126 line

127 flow distributor

128 atomizing nozzle

130 line

140 burner/flame hydrolysis burner
141 burner block

142 movement of 140

143 burner flame

145 feed line

148 S10, soot

150 media line

151 storage container

152 diluent

160 deposition surface/carrier tube
161 longitudinal axis of 160

200 soot body
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The mvention claimed 1s:

1. A method for producing synthetic quartz glass, said
method comprising:

(A) providing a liqud S10, feedstock material, which con-
tains more than 60% by wt. of octamethylcyclotetrasi-
loxane (D4),

(B) vaporizing the liquid S10, feedstock material into a
gaseous SO, feedstock vapor,

(C) converting the gaseous S10,, teedstock vapor 1nto S10,,
particles,

(D) depositing the gaseous S10, particles on a deposition

surface so as to form a S10, soot body,

(E) vitritying the S10, soot body so as to form the synthetic
quartz glass,

wherein the liquid S10, feedstock material contains at
least one additional component of hexamethylcyclo-
trisiloxane (D3 ) present as a weight fraction mID3 and
an additional component of decamethylcyclopentasi-
loxane (D35) present as a weight fraction mD3J 1 a
weilght ratio mD3 /mD5 1n a range between 0.01 and
1, and

wherein the liquid S10, feedstock material provided 1s
vaporized while maintaining the weight ratio mD?3/
mD35 and the S10, feedstock material 1s vaporized at
atleast 99.95% by wt. into the gaseous S10, feedstock
vapor.

2. The method according to claim 1, wherein the ratio

mD3/mD?3 1s 1n the range between 0.1 and 0.3.

3. The method according to claim 1, wherein D3 and DS are
present in the S10, liquid feedstock material and 1n the gas-
cous S10, feedstock vapor in amounts such that a ratio <,
defined by the equation

T=(G_liquid-G_vapor)/G_liqud

wherein G_liquid=mD3/mD?35 of the liquid S10,, feedstock

material and G_vapor=mD3'/mD3' of the gaseous S10,
feedstock vapor where mD3' and mD3' are weight frac-
tions of D3 and D3, respectively, 1n the gaseous S10,
feedstock vapor, has a value of not more than +5x1077.

4. The method according to claim 3, wherein the ratio T has
a value of not more +2.5x107%,

5. The method according to claim 3, wherein the ratio t has
a value of not more +1x107*.

6. The method according to claim 1, wherein the additional
component D3 and/or the additional component D5 make up
between 0.5% by wt. and 30% by wt. of a total weight of the
liquid S10,, feedstock material.

7. The method according to claim 6, wherein a sum of the
weilght fractions mD3+mD35 1s 1n the range between 1% by
wt. and 15% by wt.

8. The method according to claim 6, wherein a sum of the
weilght fractions mD3+mD35 1s 1n the range between 1% by
wt. and 3% by wt.

9. The method according to claim 1, wherein that the addi-
tional components comprise polyalkylcyclosiloxanes and
their respective linear homologs 1n the following amounts:

D3 and linear homologs thereof 1n a weight fraction 1n a

range between 0.02% by wt. and 1% by wt.,

D35 and linear homologs thereof in a weight fraction in a

range between 0.5% by wt. and 5 % by wt.

10. The method according to claim 1, wherein said vapor-
1Z1ng COmMprises:

heating the liquid S10,, feedstock material, and

introducing the heated S10, feedstock material into an

expansion chamber, so that at least a first part of the
heated S10,, feedstock material vaporizes due to a pres-
sure drop.
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11. The method according to claim 6, wherein said intro-
ducing of the heated S10, feedstock material into the expan-
sion chamber comprises an injection phase in which the
heated S10,, feedstock material 1s atomized 1n liquid form
into droplets, the droplets having a mean diameter of less than
> um.

12. The method according to claim 11, wherein the mean
diameter of the droplets 1s less than 2 um.

13. The method according to claim 10, wherein the heated
S10, feedstock material 1s converted due to the pressure drop
and/or the reduction of the partial pressure at least 99.9995%
by wt., 1into the gaseous S10, feedstock vapor.

14. The method according to claim 1, wherein said vapor-
1Z1Ng COMprises:

heating the liguid S10, feedstock material,

introducing the heated S10, feedstock material into an

expansion chamber, and

mixing the heated S10, feedstock material with a heated

diluent, so that at least a second part of the heated S10,
feedstock maternial vaporizes due to a decrease in the
dew point.

15. A method according to claim 1 and further comprising
producing an optical fiber from said synthetic quartz glass.
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